Google 


This  is  a  digital  copy  of  a  book  that  was  preserved  for  generations  on  library  shelves  before  it  was  carefully  scanned  by  Google  as  part  of  a  project 

to  make  the  world's  books  discoverable  online. 

It  has  survived  long  enough  for  the  copyright  to  expire  and  the  book  to  enter  the  public  domain.  A  public  domain  book  is  one  that  was  never  subject 

to  copyright  or  whose  legal  copyright  term  has  expired.  Whether  a  book  is  in  the  public  domain  may  vary  country  to  country.  Public  domain  books 

are  our  gateways  to  the  past,  representing  a  wealth  of  history,  culture  and  knowledge  that's  often  difficult  to  discover. 

Marks,  notations  and  other  maiginalia  present  in  the  original  volume  will  appear  in  this  file  -  a  reminder  of  this  book's  long  journey  from  the 

publisher  to  a  library  and  finally  to  you. 

Usage  guidelines 

Google  is  proud  to  partner  with  libraries  to  digitize  public  domain  materials  and  make  them  widely  accessible.  Public  domain  books  belong  to  the 
public  and  we  are  merely  their  custodians.  Nevertheless,  this  work  is  expensive,  so  in  order  to  keep  providing  tliis  resource,  we  liave  taken  steps  to 
prevent  abuse  by  commercial  parties,  including  placing  technical  restrictions  on  automated  querying. 
We  also  ask  that  you: 

+  Make  non-commercial  use  of  the  files  We  designed  Google  Book  Search  for  use  by  individuals,  and  we  request  that  you  use  these  files  for 
personal,  non-commercial  purposes. 

+  Refrain  fivm  automated  querying  Do  not  send  automated  queries  of  any  sort  to  Google's  system:  If  you  are  conducting  research  on  machine 
translation,  optical  character  recognition  or  other  areas  where  access  to  a  large  amount  of  text  is  helpful,  please  contact  us.  We  encourage  the 
use  of  public  domain  materials  for  these  purposes  and  may  be  able  to  help. 

+  Maintain  attributionTht  GoogXt  "watermark"  you  see  on  each  file  is  essential  for  in  forming  people  about  this  project  and  helping  them  find 
additional  materials  through  Google  Book  Search.  Please  do  not  remove  it. 

+  Keep  it  legal  Whatever  your  use,  remember  that  you  are  responsible  for  ensuring  that  what  you  are  doing  is  legal.  Do  not  assume  that  just 
because  we  believe  a  book  is  in  the  public  domain  for  users  in  the  United  States,  that  the  work  is  also  in  the  public  domain  for  users  in  other 
countries.  Whether  a  book  is  still  in  copyright  varies  from  country  to  country,  and  we  can't  offer  guidance  on  whether  any  specific  use  of 
any  specific  book  is  allowed.  Please  do  not  assume  that  a  book's  appearance  in  Google  Book  Search  means  it  can  be  used  in  any  manner 
anywhere  in  the  world.  Copyright  infringement  liabili^  can  be  quite  severe. 

About  Google  Book  Search 

Google's  mission  is  to  organize  the  world's  information  and  to  make  it  universally  accessible  and  useful.   Google  Book  Search  helps  readers 
discover  the  world's  books  while  helping  authors  and  publishers  reach  new  audiences.  You  can  search  through  the  full  text  of  this  book  on  the  web 

at|http: //books  .google  .com/I 


BjABUSt 


:'!       .: 


SURGICAL   OPERATIONS 


A   HANDBOOK    FOR 

STUDENTS  AND  PRACTITIONERS 


BY 

PROF.    FRIEDRICH   PELS-LEUSDEN 

CHIEF    SURGEON    TO    THE    UNIVERSITY    SURGICAL    CLINIC    AND    CHIEF   OF   THE 
UNIVERSITY    SURGICAL    POLYCLINIC    IN    THE    ROYAL    CHARITY 

HOSPITAL    OF    BERLIN 


ONLY  AUTHORIZED  ENGLISH  TRANSLATION 

BY 

FAXTON   E.   GARDNER,   M.D. 

NEW    YORK 


WITH   SIX   HUNDRED  AND   SIXTY-EIGHT   ILLUSTRATIONS 


NEW     YORK 

REBMAN     COMPANY 

1123    BROADWAY 


r^r> 


Copyright,  1912,  by 

REBMAN    COMPANY 

New  York 


All  Rights  reserved 


PRINTED  IN  AMERICA 


?392 

I9i2 


FOREWORD 

The  present  book  on  Surgical  Operations  is  bom  from  a  desire  to  link 
together  what  I  have  for  long  years  brought  to  the  attention  of  students 
in  practical  courses  or  theoretical  lectures.  It  is  therefore  particularly 
intended  for  students  and  general  practitioners ;  but  maybe  the  specialist 
also  will  find  therein  many  useful  things.  In  my  effort  to  be  brief,  with- 
out omitting  anything  important,  I  hope  I  have  kept  within  the  right 
limits.  Above  all  things,  I  endeavored  to  state  concisely  but  clearly  indi- 
cations and  to  give  thorough  directions  for  the  postoperative  treatment, 
particularly  after  operations  on  the  organs  of  the  thoracic  and  abdom- 
inal cavities.  It  was  difficult  to  find  for  this  child  -of  mine  a  fitting 
name.  It  does  not  deserve  entirely  the  proud  one  of  "Operative  Surgery,  ** 
and  on  the  other  hand,  it  is  more  than  a  simple  manual  of  surgical  tech- 
nique. I  believe  that  "Surgical  Operations"  says  neither  too  much  nor 
too  little.  For  most*  of  the  illustrations,  I  am  indebted  to  the  skilful 
hand  of  my  colleague.  Dr.  Reinhold  Mtiller.  They  are  limited  to  the 
diagrammatic  representation  of  the  essential  points,  without  any  added 
and  superfluous  accessories.  Most  of  them  are  drawn  from  personal 
specimens;  when  I  have  borrowed  the  illustrations  of  other  authors,  the 
fact  is  stated  plainly  in  the  text.  Many  difficult  and  complicated  opera- 
tive techniques  remain  without  graphic  figuration.  The  latter  is  not 
necessary  to  the  beginner,  and  the  trained  surgeon  can  do  without  it  I 
have  not  been  able  to  rely  on  my  own  experience  in  the  living  subject  for 
all  the  branches  of  surgery;  but  I  have  tested  most  methods  on  the 
cadaver  and  on  animals,  and  I  can  only  urge  the  beginner  to  seize  the 
opportunity  of  operating  on  the  cadaver  or  on  dogs  as  often  as  it  presents 
itself.  Unfortunately  most  of  the  students  see  too  late  the  usefulness  of 
operative  courses  and  realize  only  when  engaged  in  practice  what  they 
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have  neglected.  It  would  be  highly  desirable  to  have  the  attendance  to 
operative  courses  made  just  as  compulsory  as  the  attendance  to  clinics; 
and,  whenever  possible,  to  split  the  large  operative  class  into  small  classes 
or  groups,  with  a  limited  number  of  students.  In  such  classes  the  whole 
great  field  of  operative  technique  could  be  properly  covered,  and  the 
interest  of  the  students  would  grow  considerably.  It  would  give  me 
great  pleasure  to  see  this  appeal  find  an  echo  in  the  hearts  of  influential 
leaders  of  medical  schools  and  of  the  students. 

I  owe  many  thanks  to  my  editors  for  their  cordiality  in  all  our 
relations. 

If  I  may  wish  anything  to  my  readers,  let  it  be  what  Koenig  wished 
to  his  at  the  end  of  the  foreword  to  the  first  edition  of  his  manual,  namely, 
that  those  who  will  seek  advice  in  this  book  may  find  its  reading  as  fruit- 
ful as  its  writing  was  to  me. 

PELS-LEUSDEN. 

Berlin. 
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L   Antisepsis  and  Asepsis 

Conception  of  Antisepsis  and  Asepsis.^-The  efforts  of  modem  opera- 
tors aim  at  keeping  away  all  infectious  germs  from  the  wounds  we  are 
compelled  to  make;  and  not  only  at  killing  all  the  germs  that  may 
have  reached  the  wound  during  the  operation,  whether  from  the  air, 
from  the  patient  himself,  or  from  the  operator.  This  latter  was  the 
original  Lister  standpoint,  and  led  him  to  introduce  antisepsis  which 
celebrated  its  great  triumphs  in  the  seventies  of  last  century.  But, 
little  by  little,  the  rhethod  proved  unsafe,  and  on  account  of  the  poison- 
ous properties  of  the  antiseptics  used  to  carry  it  out,  presented  many 
serious  dangers  for  the  patient  as  well  as  for  the  attending  physician. 
Also,  chiefly  through  the  researches  of  v.  Bergmann*s  school  {Schim- 
melbvsch),  it  was  established  that  it  was  just  about  impossible  to  kill 
germs,  even  by  the  most  powerful  means,  once  they  had  gained  access 
to  a  wound.  The  efforts  were  always  more  and  more  directed  toward 
keeping  away  the  infectious  germs  from  the  wound  and  operating  with 
germ-free  hands  and  instruments  on  a  germ-free  field.  German 
surgeons,  and  particularly  v.  Bergmann's  school,  have  played  here 
the  leading  part,  and,  if  Neuber,  before  the  Surgical  Congress  of  1898, 
called  attention  to  the  fact  that  the  cradle  of  asepsis  was  in  Kiel,  it 
means  simply  that  he  was  really  the  first  to  discard  as  superfluous  the 
use  of  antiseptics  in  the  preparation  of  physician  and  patients;  but  that 
does  not  constitute  the  essential  difference  between  antisepsis  and  asep- 
sis, as  stated  briefly  in  the  opening  sentence. 

Where  do  Infectious  Germs  come  from? — The  infectious  germs  may 
come  from  the  air  (air  infection),  or  adhere  to  the  instruments,  to 
the  dressing  material,  or  to  the  skin  of  the  patient  or  of  the  phy- 
sician, or,  lastly,  be  poured  into  the  wound  from  a  part  of  the  body 
opened  during  the  operation;  for  instance,  the  alimentary  tract  (contact 
infection) . 

Air  infection  undoubtedly  plays  only  a  secondary  part  Air  germs 
are  not  numerous,  and  are  attached  to  the  particles  of  dust  suspended 
in  the  air.  They  fall  with  the  latter,  according  to  the  law  of  gravity, 
on  the  floor,  the  furniture,  the  uneven  parts  of  the  walls,  to  be  raised 
again  by  the  motion  of  the  air.  From  these  facts  springs  the  elemen- 
tary rule  that  all  places  used  for  operative  purposes  must  have  as  simple 
lines  as  possible — even  walls,  floors,  and  ceilings,  all  angles  rounded;  all 
superfluous  furniture  must  be  removed,  and  motion  of  the  air  avoided 
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with  utmost  care,  I  cannot  dwell  any  longer  on  the  means  through 
which  all  this  is  obtained  in  modem  well-equipped  hospitals.  But  how 
must  such  a  room  be  prepared  for  an  operation,  and  how  can  an  operating- 
room  be  improvised,  in  case  of  need?  All  superfluous  furniture,  carpets, 
tapestries,  etc.,  must  be  removed,  the  ceiling  and  walls  must  be  rubbed 
with  bread,  and  the  floor  cleaned  with  hot  water  and  soap.  Then,  if  pos- 
sible, the  room  must  be  closed  for  about  24  hours.  During  that  time,  the 
dust  with  the  germs  falls  on  the  floor,  whence  it  is  removed  with  a  wet 
cloth  shortly  before  the  operation.  It  is  good  to  leave  the  floor  wet  till 
after  the  operation,  because  wet  dust  cannot  rise.  The  discomfort  aris- 
ing therefrom  to  the  persons  necessary  for  the  operation  can  be  obviated 
by  the  wearing  of  large  rubber  boots.  The  manipulations  for  the  dis- 
infection of  the  instruments,  of  the  operation  attendants,  and  of  the 
patient  must  be  carried  out,  whenever  feasible,  in  adjoining  rooms,  and 
unnecessary  talking  and  walking  to  and  fro  must  always  be  avoided. 
Quiet  in  all  preparations  and  during  the  operation  ought,  for  other  rea- 
sons also,  to  be  the  rule,  but  often  it  receives  far  too  little  attention. 
Care  must  be  taken  to  have  in  operating-rooms  plenty  of  light,  air,  and 
heat;  but  the  aeration  must  be  mild,  without  any  draughts.  Lister's 
recommendation  to  kill  the  air-germs  by  the  so-called  carbolic  spray  was 
dropped  in  Germany  rather  quickly.  Appliances  destined  to  free  from 
bacteria  the  air  coming  into  the  operating-room  through  appropriate  air- 
filters  fill  their  purpose  only  incompletely.  If  we  have  followed  all  the 
aforementioned  rules  to  avoid  the  production  and  raising  of  dust,  all 
is  well;  but  we  must  still  pay  attention  to  one  possibility,  namely,  that 
in  expired  air  the  air  bacteria  may  be  found  attached  to  very  fine 
water  droplets.  It  is  true  that,  according  to  Tyndall,  the  air  expired 
during  quiet  breathing,  and  especially  through  nose-breathing,  is  germ- 
free;  but  in  all  strong  expiratory  efforts,  such  as  are  necessary  for 
speaking,  but  particularly  for  calling  aloud,  for  coughing,  for  sneezing, 
the  investigations  of  Mikulicz's  school,  which  were  mostly  carried  out  in 
Flilgge's  laboratory,  and  inspired  by  Flugge  himself,  have  proved  that 
bacteria  attached  to  small  and  very  small  particles  of  moisture  can  be 
projected  at  considerable  distances.  As  far  as  feasible,  we  must  avoid 
everything  that  can  contribute  to  the  dissemination  of  germs  in  that 
way.  Further  insistence  on  the  point  and  examples  may  be  dispensed 
with;  and  I  shall  not  dwell  on  the  unfavorable  conditions  in  clinical 
amphitheatres  where  teaching  makes  us  sin  abundantly  against  those 
simple  rules.  It  is  certain  that  the  masks  devised  by  Hilbner  under  the 
indications  of  v.  Mikulicz,  and  which  must  be  worn  by  all  persons  taking 
a  part  in  the  operation,  are  well  adapted  to  stop  the  particles  of  moisture 
emitted  with  the  expired  aii";  but  we  do  not  consider  them  as  indispen- 
sable and  I  have  seen  only  few  surgeons  using  them. 

Contact  infection  is  realized  by  the  hands  of  the  operator  and  of  his 
assistants,  by  the  skin  of  the  patient,  through  the  bacteria  teeming  in 
the  hollow  organs  of  the  body  which  may  have  to  be  opened,  and  by  the 
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instruments  used  at  the  operation,  the  dressing  material  (in  the  broad 
sense  of  the  word) ,  by  the  suture  and  ligature  threads.  All  these  must 
also  be  made  germ-free.  Whether  and  how  it  is  possible  to  keep  away 
from  the  wound  the  bacteria  of  opened  natural  cavities  will  be  explained 
when  we  shall  speak  of  such  operations  in  particular. 

Disinfection  of  Hands. — It  must  be  made  plain  that  we  have  not  yet, 
and  probably  also  never  will  have,  a  safe  method  to  make  the  hands 
germ-free,  even  for  a  short  period  of  time,  despite  the  enormous  amount 
of  work  that  has  been  done,  and  is  still  being  done,  on  this  point.  It  is 
only  by  mere  chance  that  we  sometimes  obtain,  through  our  mechanical 
and  chemical  attempts  at  disinfection,  a  real  asepsis  susceptible  of  bac- 
teriological proof.  Kummel  hoped  to  attain  that  freedom  from  germs 
by  the  simultaneous  use  of  mechanical  and  chemical  cleaning;  and 
Furhringer  expected  a  still  more  complete  result  from  an  alcohol  disin- 
fection added  between  those  two  modes  of  cleaning.  But,  unfortunately, 
we  must  be  content  with  reducing  to  the  strictest  possible  minimum  the 
number  of  germs  adhering  to  our  skin,  without  ever  reaching  a  certain 
asepsis.  It  is  neither  possible  nor  necessary  to  enter  into  details  about 
all  the  modifications  of  Fiirbringer's  method.  I  shall  only  describe  the 
method  which,  during  a  number  of  years,  has  proved  safe  and  satisfac- 
tory to  us  and  to  so  many  other  surgeons,  and  which  in  its  essentials 
is  identical  with  the  Furhringer  method. 

Care  of  the  Hands. — The  first  thing  to  mention  in  this  respect  is  that 
the  nails  of  the  surgeon  must  always  be  kept  short,  and  that  excessive 
pushing  back  of  the  skin  of  the  nailbed  must  be  avoided.  Let  the  nail- 
bed  grow  above  the  nail  under  the  form  of  a  thin,  homylike  layer,  and  it 
will  not  be  necessary  to  insert  in  the  nail-fold  any  of  those  sharp  and 
pointed  instruments  greatly  abhorred  by  such  an  exponent  of  aseptic 
surgery  as  Kocher,  nor  to  inflict  upon  ourselves  pains  without  there  being 
the  least  chance  of  succeeding  in  cleaning  thus  mechanically  that  long 
and  narrow  slit.  When  cutting  the  nails,  let  us  be  careful  lest  we  injure 
the  nailbed,  and  file  still  more  carefully  the  rough  cut  edges. 

Fiirbringer^s  Method  of  Disinfection  of  the  Hands. — The  arms  are 
bared  up  to  the  armpit  and  the  sleeves  of  the  underwear  garments  care- 
fully rolled  back  or  otherwise  fastened.  Further  steps  consist  of  three 
acts,  namely,  the  mechanical  cleaning,  the  rubbing  with  alcohol,  and  the 
chemical  killing  of  the  germs.  Of  these  steps,  the  first  one  stands  out  as 
the  most  important,  and  Nevber  is  even  satisfied  with  that  one  alone. 
This  mechanical  cleaning  is  effected  in  warm  running  water,  with  good 
hard  or  soft  soap,  not  too  irritating  (not  containing  an  excess  of  free 
alkali),  and  a  stiff  brush  previously  boiled  for  10  minutes  and  kept  im- 
mersed in  a  1  to  1,000  sublimate  solution  placed  in  a  sterilized  enamel, 
nickel,  or  glass,  basin.  I  do  not  consider  necessary,  but  at  best  desirable, 
that  the  water  used  for  washing  the  hands  should  be  previously  steril- 
ized. I  admit  the  possibility  of  doing  it,  but  it  requires  capacious  con- 
tainers costing  much  money  to  sterilize  the  amount  of  water  necessary 
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for  an  operation  and  to  bring  it  to  the  proper  temperature.  Faucet  water 
really  contains  germs  in  such  small  numbers  that  these  do  not  play  any 
important  part.  The  proper  temperature,  45°-55°  C,  is  obtained  by  mix- 
ing cold  and  hot  water  by  means  of  one  of  the  varied  models  of  mixing 
faucets  in  use.  If  one  of  these  has  been  once  set  in  the  proper  position, 
there  is  no  more  need  of  bothering  about  opening  and  closing  faucets.  An 
orderly  can  attend  to  that.  Where  no  hot  running  water  can  be  had, 
the  process  most  to  be  recommended  is  certainly  to  use  for  the  mechanical 
disinfection  of  the  hands  boiled  water  in  large  wash  basins  carefully 
cleaned  with  soap,  and  to  change  the  water  often.  The  temperature  of 
45*^-55°  C.  may  seem  surprising  to  many,  and  cause  some  pain  to  the  be- 
ginner; but  let  one  get  progressively  accustomed  to  use  water  at  a  con- 
stantly higher  temperature,  because  thus  the  cleaning  of  the  hands  will  be 
more  perfect;  and,  with  the  length  of  time  consumed  in  the  washing,  this 
degree  of  temperature  is  decidedly  bactericidal.  The  soap  is  kept  within 
easy  reach  of  the  hand  in  sterile  containers,  in  which  it  is  placed  after  its 
outer  surface  has  been  rinsed  in  very  hot  water.  Soft  soap  must  be  kept 
in  sterilized  shallow  glass  or  porcelain  jars.  The  brushes  must  be  numer- 
ous, at  least  one  for  each  person  who  is  going  to  participate  in  the  opera- 
tion, and  one  for  the  patient :  and  all  brushes  must  be  changed  for  each 
new  operation.  Many  substitutes  have  been  tried  for  brushes;  for 
instance,  sterilized  wood  fibre  compresses ;  but  it  may  be  easily  understood 
that  a  brush  penetrates  better  in  the  fissures  and  the  pores  of  the  skin, 
while  a  wood  fibre  compress  rubs  principally  the  surface.  To  my  knowl- 
edge, surgeons  more  and  more  discard  the  use  of  those  compresses. 
Likewise,  the  marble  soap  prepared  after  Schleich's  indications,  from 
marble  dust  and  soft  soap  with  the  addition  of  glycerin,  and  which  was 
supposed  to  unite  the  action  of  the  brush  and  of  the  soap,  has  never 
been  extensively  employed,  while  a  great  number  of  surgeons  do  not 
consider  it  a  good  substitute  for  soap  and  brushes. 

The  mechanical  cleaning  must  last  at  least  from  8  to  10  minutes  (those 
who  want  to  feel  still  safer  may  lengthen  it  to  20  or  30  minutes,  but  in 
many  operations  we  cannot  take  so  long  a  time,  even  if  it  is  theoretically 
necessary)  and  extend  beyond  the  hands  to  the  whole  forearm  and  above 
the  elbow.  Next,  the  hands  must  be  wiped  with  a  sterile  rough  towel. 
The  second  act  of  hand  disinfection  consists  in  a  two-minutes  rubbing 
with  90%  alcohol.  This  rubbing  is  generally  effected  with  a  large  gauze 
wipe,  but  it  is  self-evident  that  a  sterilized  brush  may  do  just  as  well. 
As  a  third  act  comes  rubbing  and  rinsing  for  two  minutes  in  a  1  to 
1,000  sublimate  solution  (prepared  with  the  well-known  sublimate  tab- 
lets, after  the  formula  of  v.  Angerer,  containing  0.5  gm.  or  1.0  gm.  of 
sublimate  and  of  common  salt,  and  enough  eosin  to  give  a  red  color;  one 
tablet  is  dissolved  in  a  pint  or  a  quart  of  sterilized  water).  Instead  of 
sublimate,  sublamin,  in  1  to  1,000  solution,  has  come  recently  into 
frequent  use:  it  has  the  advantage  over  sublimate  of  not  irritating  the 
skin,  of  acting  in  the  depth  of  the  skin,  and  of  not  forming  precipitates 
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either  with  albumin  or  with  soap.  (Sublamin  is  found  also  on  the  market 
in  blue  tinted  tablets.)  I  shall  not  speak  of  other  means  of  disinfec- 
tion, whatever  their  name  may  be. 

A  thorough  disinfection  of  the  hands  requires,  therefore,  at  least  12  to 
15  minutes,  and,  as  even  with  such  a  long  time  we  can  never  have  an 
absolute  certainty  that  they  are  germ  free,  it  has  been  attempted  to  make 
the  procedure  shorter  and  more  complete,  and  to  make  up  for  its  short- 
comings.    Many  are  the  processes  put  forward. 

Koenig*s  Method  of  Operating  without  Hand  Contact. — Koenig 
takes  rightly  the  standpoint  that  we  can  perform  many  operations  without 
the  hands,  that  is,  without  the  hands  of  the  surgeons  or  of  his  assistants 
being  brought  in  contact  with  the  wound.  As  the  blacksmith  fastens  on 
the  hoof  of  a  horse  a  well-made,  well-shaped,  and  exactly  fitting  iron 
shoe,  without,  for  obvious  reasons,  ever  touching  directly  the  red-hot 
metal  with  his  finger,  so  can  the  surgeon  undertake  most  operations, 
except  evidently  those  on  the  thoracic  or  abdominal  cavities,  without 
using  directly  his  finger,  especially  if  his  instruments  have  the  longest 
possible  handles.  Whoever  tries  in  the  right  way  to  assimilate  Koenig* s 
trend  of  thought,  and  acts  in  conformity,  will  soon  learn  to  prize  highly 
the  method,  and  his  patients  will  derive  from  it  a  great  benefit.  But  the 
method  has  only  a  relative  importance,  as  it  is  not  applicable  everywhere 
and  always  (cf.  CentrcUbl.  f.  Chir.,  1900,  No.  36).  But  whenever  applic- 
able, I  hold  that  method  (of  course,  after  the  most  careful  carrying  out 
of  all  the  other  rules  of  asepsis  and  antisepsis)  as  offering  the  greatest 
safety. 

Alcoholic  Soap  Solutions. — ^A  combination  of  the  soap  and  alcohol 
disinfections  is  realized  through  alcoholic  solutions  of  soap  (tincture  of 
green  soap),  which  with  a  brush  give  a  good  asepsis  in  five  minutes 
{Hand,  from  the  clinic  of  v.  Mikulicz). 

Tincture  of  lodin. — It  has  long  been  known  that  iodin  possesses  an 
intense  bactericidal  action  (Robert  Koch).  Under  the  form  of  official 
tincture,  it  has  many  times  been  used  for  the  disinfection  of  the  hands 
in  those  places  where  it  has  most  chances  of  remaining  defective, 
e.g.,  for  the  nails;  and,  in  1898,  by  v.  Mikulicz,  following  the  lead  of 
Roux,  for  immersing  the  finger-tips.  This  does  not  result  in  a 
lasting  brown  staining  of  the  fingers,  but  it  is  doubtful  whether  all  skins 
would  stand  such  a  treatment,  repeated  often  and  for  a  long  period  of 
time.  Tincture  of  iodin  finds  its  chief  indication  when  the  surgeon 
wants  to  secure,  in  case  of  need,  an  energetic  and  deep-reaching  dis- 
infection, though  his  fingers  are  not  absolutely  intact,  and  though 
he  carries  on  them  small  cracks  resulting  from  wounds  in  process  of 
healing. 

Iodin  and  Benzin  Disinfection. — Recently,  Heusner  has  recom- 
mended the  iodin  and  benzin  disinfection.  He  used  at  first  a  1  to 
1,000  solution  of  iodin  and  benzin,  but  recently,  on  account  of  the  too 
thorough  dissolving  of  the  normal  skin  fat,  and  the  appearance  of  symp- 
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toms  of  irritation,  he  selected  a  1  to  1,000  solution  of  iodin  in  3  parts 
of  benzin  and  1  part  of  paraffin  oil.  The  solution  of  benzin  is  very 
dangerous  on  account  of  being  so  inflammable,  and  the  solution  of  benzin 
and  paraffin  makes  the  hands  slippery  for  a  long  time.  Therefore  Gras- 
mann  recommends  a  1  to  1,000  solution  of  iodin  and  benzinoform  (not 
burnable  and  not  irritating),  and  obtained  with  the  latter  an  almost 
complete,  bacteriologically  speaking,  asepsis  of  the  hands.  In  Gras- 
mann's  modification,  the  iodin-benzin  disinfection  is  carried  out  in  the 
following  way:  For  each  of  the  participants  in  the  operation,  half  a 
pint  of  the  disinfecting  fluid  is  poured  out  in  a  porcelain  basin.  The 
hands  and  the  forearms  are  rubbed  for  5  minutes  with  brushes  and 
rough  towels,  then  rinsed  in  some  fresh  solution  and  wiped  with 
gauze  compresses,  and  finally  (after  Heusner)  anointed  with  vaselin 
containing  2%  iodin.  There  must  not  be  any  preliminary  washing  with 
soap. 

Disinfection  with  Alcohol. — v,  Bruns's  school  has  recently  been  con- 
tent with  brushing  the  hands  for  10  minutes  with  alcohol,  and  is  quite 
satisfied  with  the  results  of  that  simple  disinfection  method. 

With  the  last-mentioned  methods,  the  skin  becomes  certainly  tanned 
alnd  hard,  its  pores  and  wrinkles  close,  and  the  bacteria  contained  in  the 
latter  are  imprisoned  therein.  This  is  the  reverse  of  what  happens  with 
the  soap  and  hot  water  disinfection.  The  latter  relaxes  the  skin,  opens 
its  pores  and  folds,  and  bacteria  living  therein  are  brought  within  reach 
of  mechanical  and  chemical  means  of  cleaning.  But  as  neither  one 
nor  the  other  process  is  complete,  it  has  been  tried,  long  ago,  to 
cover  the  hands  with  some  material  impervious  to  liquids,  which  would 
block  the  way  to  the  field  of  operation  to  the  bacterial  scum,  which 
develops  in  the  course  of  an  operation  through  the  bacteria  working 
from  the  folds  and  the  pores  of  the  skin  to  the  surface.  To  this 
purpose  answer,  first,  operating  gloves;  and,  secondly,  substances 
forming  a  thin  film  on  the  skin  and  holding  back  the  bacteria  in  its 
furrows. 

Operating  Gloves. — ^The  question  of  operating  gloves  has  now  been 
cleared  enough  to  have  us  discard  almost  entirely  cotton  and  thread 
gloves;  rubber  operating  gloves  have  taken  their  place.  The  latter 
can  be  easily  sterilized  in  steam  under  pressure,  after  being  well  pow- 
dered with  talcum  and  wrapped  up  singly  in  gauze ;  and  as  long  as  they 
are  not  damaged,  they  offer  an  absolute  barrier  to  the  migration  of  bac- 
teria from  the  hands  of  the  surgeon  to  the  wound.  When  one  has 
acquired  the  habit  of  always  wearing  gloves  during  operations,  and  of 
performing  with  them  all  manipulations,  one  will  in  the  end  operate  as 
skilfully  and  feel  just  as  keenly  as  with  the  naked  hand.  If  it  becomes 
necessary,  while  wearing  rubber  gloves,  to  grasp  firmly  something,  the 
smoothness  may  make  it  difficult.  In  such  cases  it  is  advised  to  put  on  a 
sterile  thread  glove  over  the  rubber  glove.  There  are  also  rubber  gloves 
manufactured  with  small  rough  spots  with  which  we  can  hold  securely 
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the  smoothest  intestine.  Under  all  circumstances,  on  account  of  the  ease 
with  which  rubber  gloves  may  tear,  it  is  an  offence  against  asepsis  to  put 
them  on  fingers  that  have  not  been  carefully  disinfected.  The  wearing 
of  gloves  does  not  grant  a  right  to  simplify  the  technique  on  that  point. 
Many  see  in  gloves  mainly  a  protective  measure,  in  that  they  keep  the 
hands  from  being  soiled,  and  advise  the  wearing  of  gloves  when  one  is 
going  to  operate  on  bacterial  ground — mouth,  intestinal  tract,  abscesses 
and  similar  conditions,  and  when  one  has  to  perform  unclean  work,  and 
also,  always,  when  one  is  not  going  to  operate  immediately.  Personally, 
I  am  getting  more  and  more  pleased  with  the  wearing  of  rubber  gloves 
for  all  operations. 

Chirosoter. — Recently,  Klapp  called  "chirosoter,"  a  substance 
which,  after  disinfection  of  the  skin,  holds  and  sticks  fast  to  the  latter 
the  remaining  germs.  As  the  experiments  made  with  that  product, 
according  to  the  communications  of  eye-witnesses,  have  had  favorable 
results,  and  as  it  would  be  a  decided  simplification  of  our  methods  of 
hand  disinfection,  I  must  speak  briefly  of  it  here  (cf.  Deutsche  med. 
Woch.,  1907,  No.  34).  This  substance  is  wax  dissolved  in  purified  car- 
bon tetrachlorid,  and  is  sprayed  on  the  hands  and  on  the  field  of  opera- 
tion with  a  simple  spraying  apparatus,  till  the  sprayed  surface  ap- 
pears moist,  not  wet.  To  avoid  symptoms  of  irritation,  the  substance 
must  never  be  allowed  to  trickle  from  the  operating  field  into  skin- 
folds. Before  being  imbedded  in  chirosoter,  the  skin  must  be  per- 
fectly dry.  To  this  effect,  the  method  of  disinfection  with  alcoholic 
soap  solutions  is  particularly  recommended  (brushing  of  the  skin 
for  5  minutes),  but  the  hot  water  and  soap  disinfection  (highly  concen- 
trated, 98-99%  alcohol  being  used)  will  also  be  satisfactory.  These  pre- 
scriptions have  just  been  changed  again  by  Klapp.  I  generally  prepare 
my  hands  by  brushing  them  5  minutes  with  tincture  of  green  soap  and 
alcohol.  Not  everybody's  skin  can  stand  chirosoter,  that  is,  carbon 
tetrachlorid,  even  when  following  in  the  most  exact  way  Klapp's  indica- 
tions. After  the  disinfection,  the  skin  must  be  absolutely  dried  with 
sterile  towels  or  gauze  wipes  before  the  chirosoter  is  sprayed  from  a  con- 
tainer which  does  not  have  to  be  sterile.  The  wax  film,  to  which  water 
does  not  adhere,  cannot  be  removed  from  the  surface  of  the  skin  by  soap 
and  water  washings,  so  that  also  infectious  germs  cannot  adhere  to  hands 
waxed  in  this  way,  still  less  penetrate  in  its  depth;  and  consequently 
they  are  easy  to  remove.  The  chirosoter  film  can  be  removed  easily  from 
the  skin-folds  with  a  compress  soaked  in  ether,  but  it  is  not  necessary  to 
remove  it,  as  it  affords  a  very  good  protection.  In  the  treatment  of  acci- 
dental wounds  in  which,  till  now,  we  simply  disinfected  as  best  we 
could  the  vicinity  of  the  wound  to  protect  the  latter,  the  treatment  of 
the  surrounding  skin  with  chirosoter  ought  to  give  satisfactory  results. 
A  trial  of  this  substance,  particularly  in  out-patient-department  practice, 
seems  to  me  fully  justified. 
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Disinfection  of  the  Skin  of  Patients  to  be  Operated  on 

Disinfection  of  the  skin  of  patients  to  be  operated  on  is  carried  on 
along  lines  very  similar  to  that  of  disinfection  of  the  hands;  but  to  the 
mechanical  cleaning  is  added  the  careful  shaving  of  a  large  circle  of 
the  skin  surrounding  the  site  of  the  wound  to  be.  This  shaving  is  best 
done  after  a  warm  bath  on  the  evening  preceding  the  operation;  and 
after  the  part  to  be  operated  on  is  covered  with  a  wet  dressing  of  a  1  to 
4,000  solution,  sublimate  or  sublamin,  which  remains  in  place  till  shortly 
before  the  operation.  The  1%  formalin  dressing,  recommended  by  many, 
tans  very  intensely  the  skin,  and  is  not  always  well  borne.  Before  the 
operation,  the  skin  is  still  washed  for  eight  to  ten  minutes  with  a  soft 
brush  (tender  skins  with  a  gauze  wipe  and  soap),  rinsed  several  times 
with  hot  water,  dried,  and  treated  with  alcohol  and  sublamin  or  subli- 
mate solution,  just  as  for  disinfection  of  the  hands.  In  children,  great 
care  must  be  taken  to  avoid  excoriating  the  soft  and  tender  skin. 
Eczema,  which  develops  as  a  consequence,  is  a  disagreeable  complication 
for  a  normal  wound  healing. 

Instead  of  that  skin  disinfection  after  the  Furbringer  method,  the 
iodin-benzin  disinfection  of  Heusner  or  the  alcoholic  soap  tincture  may 
be  resorted  to. 

In  every  operation  of  long  duration,  there  are  always  to  be  found  in 
the  wound  numerous  bacteria,  mostly  saprophytes,  which,  as  Doderlein 
has  proved,  come  out  from  the  skin,  and  thence  fall  into  the  wound. 
Even  careful  covering  of  the  field  of  operation  will  not  succeed,  on 
account  of  the  continuous  migration  of  germs  from  the  depth  of  the  skin 
toward  the  surface,  in  preventing  the  unavoidable  contacts  of  the  fingers 
and  instruments  with  even  a  small  part  of  the  skin  surrounding  the 
wound  of  becoming  a  source  of  bacterial  contamination.  While,  in  most 
cases,  the  outpour  of  saprophytic  bacteria  does  not  cause  infection, 
because  we  have  not  to  deal  with  pathogenetic  germs,  the  possibility  of 
the  production  of  a  complication  in  this  way  exists  always,  especially 
when  in  weakened  subjects  the  bactericidal  defensive  power  of  the  body 
is  low.  Efforts  to  prevent  this  outward  migration  of  germs  are,  there- 
fore, fully  justified.  Doderlein  has  realized  such  an  exclusion  of  germs 
with  a  solution  of  Para  rubber  in  formanbenzin,  to  which  formanether 
is  added  till  the  solution  contains  1%  formalin  (so-called  Gaudanin).  As 
gaudanin  is  soluble  in  benzin,  ether,  and  chloroform,  its  removal  from 
the  skin  after  the  operation  is  easy.  The  preparation  of  the  skin  is 
absolutely  special,  and  briefly  as  follows:  At  night,  give  a  bath,  wash 
with  soap,  shave,  apply  a  1%  formalin  dressing  overnight.  Rub  the 
skin  with  1%  formalinbenzin,  and  paint  energetically  and  largely  with 
tincture  of  iodin.  After  the  drying  of  the  tincture  of  iodin,  apply  the 
gaudanin  solution  contained  in  a  small  sterile  jar  with  a  gauze  sponge 
held  in  a  forceps.     Let  dry  for  a  few  minutes.     Then  scatter  over  the 
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sticky  rubber  layer  soapstone  sterilized  in  blotting  paper.  Remove  the 
excess  of  soapstone  with  a  muslin  compress  (after  Doderlein  and  Lit- 
toner).    The  reports  on  the  use  of  gaudanin  are  favorable. 

If  the  value  of  Klapp's  chirosoter  should  be  further  confirmed,  it 
would  seem  to  me  to  deserve  decidedly  preference  over  gaudanin. 

hoform  Paste. — I  shall  still  mention  that  after  gross  soiling  of  the 
skin,  particularly  of  the  hands,  a  durable  disinfection  can  be  obtained  by 
a  thorough  inunction  with  isoform  paste;  but  that  does  not  lessen  in  any 
way  the  need  of  a  careful  new  disinfection  just  prior  to  another  opera- 
tion. 

Sterilization  of  Instruments 

The  asepsis  of  instruments  is  best  obtained  by  a  10-minutes'  boiling 
in  a  2%  soda  solution.  In  order  to  be  able  to  resist  this,  they  must  all  be 
provided  exclusively  with  solid  metal  handles.  Any  so-called  fish-kettle 
makes  a  suitable  container,  but  there  exist  also  complicated  appliances 
for  the  same  purpose,  which,  in  their  most  perfected  form,  can  be  heated 


—SchimmelJmach'i  Portable   Sterilizer  for  the   Simultaneous  Sterilization  of 

Instruments  and  Dressing  Material. 
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by  gas  or  steam.  (See  Fig.  1.)  We  boil  our  knives  just  as  the  other 
instruments.  The  cutting  edge  is  not  damaged  by  boiling,  but  by  knock- 
ing against  other  instruments;  so  we  either  wrap  them  in  cotton  or 
place  them  in  a  so-called  knife-holder  (Fig.  2).  After  the  sterilization, 
the  instruments  are  laid,  without  being  touched  by  the  fingers,  on  a 
metal  table  with  a  glass  top,  covered  with  a  sterile  cloth  folded  double, 
and  neatly  put  in  order,  best  by  means  of  a  long  forceps.     To  lay  down 
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those  instruments  which  will  be  constantly  needed  in  the  course  of  the 
operation,  a  small  table,  which  in  the  same  way  as  the  small  tables  used 
for  patients  in  bed,  can  be  pushed  above  the  operating  table,  placed  high 
or  low,  and  easily  turned  (Fig.  3) ,  will  be  found  convenient  After  they 
have  been  used,  the  instruments 
are  thoroughly  cleaned  in  all  their 
parts  in  running  water  and,  if 
need  be,  with  soap  and  brush  {if 
instruments  soiled  with  blood, 
pus,  etc.,  be  plunged  into  the 
soda  solution,  they  develop  black 
Pio,  2-  stains,  and  become  quickly   un- 

sightly), boiled  again  in  the  soda 
solution,  and  replaced  on  the  glass  shelves  of  a  metal  and  glass  instru- 
ment case. 

I  recommend  as  highly  instructive  for  an  assistant  himself  to 
array  before  the  operation  the  necessary  instruments.  He  is  thus  com- 
pelled to  review  in  advance  the 
operation  in  his  mind,  to  weigh 
all  contingencies,  and  to  avoid 
that,  as  a  consequence  of  dis- 
playing many  superfluous  instru- 
ments, these  and  the  neatness  of 
appearance  should  suffer.  Only 
thus  can  the  young  surgeon  learn 
how  to  put  together  all  the  nec- 
essary instruments  for  the  cases 
when  he  will  not  be  near  the 
source,  i.e.,  the  instrument  chest. 
He  who  always  relies  on  the 
handy  operating-room  nurse  will 
often  forget  the  most  important 
things  once  he  is  placed  on  his 
own  feet  I  have  always  found 
placing  candidates  for  a  State 
diploma  before  the  instrument 
case  and  making  them  arrange 
instruments,  for  instance  for  a 
herniotomy,  a  very  good  exercise. 
Sterilisation  of  the  Suture 
Material. — Antiseptic  or  aseptic 
Buture  material — that  is  always 
the  moot  point.  The  first  is  rec- 
ommended particularly  by  Kocher.  According  to  him,  silk,  either  twisted 
or  braided,  must  be  left  12  hours  in  ether,  then  12  hours  in  absolute 
alcohol,  then  boiled  6  minutes  in  a  1  to  1,000  acid-free  and  uncolored 
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II 


sublimate  solution;  then  wound  up,  with  sterile  hands  covered  with 
sterile  rubber  or  thread  gloves,  around  boiled  glass  cylinders,  placed 
anew  in  sublimate  and  boiled  again  for  10  minutes  just  before  being 
used.  If  enamel  ware  is  used,  remember  that  sublimate  quickly  attacks 
the  enamel  and  makes  it  thin.  Anyway,  always  prepare  only  a  small 
quantity  of  silk  in  advance,  at  most  the  provision  for  two  days.  Re- 
peated boiling  makes  the  silk  brittle.  Instead  of  1  to  1,000  sublimate, 
DSderlein  uses  1  to  300  sublamin. 

HUdebrand  proposes  a  method  which  makes  it  possible  to  use  the 
threaded  silk  just  immediately  after  sterilization  (boiling  in  a  2%  soda 
.  solution)  without  the  needle  and  thread  coming  into  contact  with  the 
fingers.  The  different  sorts  of  needles,  of  course  already  made  as  aseptic 
as  possible,  are  threaded  with  the  corresponding  sizes  of  silk,  and  before 
being  used  are  boiled  in  a  container  represented  in  Fig.  4,     The  latter 


—Container  to  boil  threaded  needles,  with  sliding  c 
(only  partly  represented),  after  Hildebrand. 


csonsists  of  a  tablet  with  handles  and  a  sliding  cover,  and  presenting 
about  70  holes  of  different  sizes.  Each  one  of  these  holes  receives  a 
needle  with  the  thread  rolled  around.  Then  the  cover,  which  prevents 
the  raising  of  the  boiling  water  from  tossing  the  needles  to  and  fro,  thus 
blunting  their  points  and  entangling  the  threads,  is  pushed  in  place, 
and  the  whole  outfit  is  dropped  in  the  instrument  sterilizer.  When  ready 
to  use,  the  cover  is  removed,  every  needle  taken  out  with  a  thumb  for- 
ceps, and  fixed  in  the  needle-holder.  This  avoids  all  touching  of  needles 
and  thread  by  the  fingers  of  nurses,  assistants,  and  operator.  This  is 
not  possible  with  silk  prepared  with  sublimate,  as  the  latter  would 
quickly  destroy  the  needles.  One  must  become  able  to  hold  the  end  of 
ttie  thread  with  a  forceps,  and  to  thread  with  it  the  needle  already  fixed 
in  the  needle-holder.  Skill  and  practice  are  here  required;  but  then  the 
method  is  just  as  safe  as  that  described  above. 

SuppurationM  Due  to  ThreatU. — On  the  whole,  I  have  gained  the  con- 
viction during  long  years  of  out-patient-department  practice  that  suppu- 
rations caused  by  buried  threads  cannot  be  completely  eliminated  by  any 
method.     Sometimes  even  they  do  not  heal.     Whether  this  is  due  to  a 
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slight  infection  or  only  to  the  action  of  the  foreign  body,  I  cannot  decide. 
The  suppuration  appears  often  for  the  first  time  weeks  or  months  after 
the  discharge  of  the  patient  from  medical  care,  and  many  do  not  come 
back  to  the  original  surgeon.  Thus  it  falls  to  my  lot  to  remove  every 
year  in  the  Polyclinic  a  considerable  number  of  silk  threads  from  the 
scars  of  operations  performed  in  quite  different  hospitals  of  Berlin  in 
which,  according  to  the  information  received,  aseptic  or  antiseptic  suture 
material  is  used.  I  simply  state  the  fact  without  investigating  any 
further  for  the  cause. 

But  I  must  remark  that  in  these  stitch  suppurations,  we  have  almost 
always  to  deal  with  threads  of  large  size.  Thin  threads  give  a  good  heal- 
ing when  asepsis  has  been  perfect  I  have  been  told  that,  when  one 
fine  thread  is  not  sufficient,  Kocher  folds  it  on  itself  three  or  four  times. 
Therefore  we  may  take  it  for  granted  that  thread  suppurations  have  been 
seen  also  by  Kocher,  even  after  the  use  of  sublimate  silk,  and  conclude 
that  not  only  is  defective  asepsis  to  blame,  but  that  the  irritation  caused 
by  a  rough  foreign  body  is  also  partly  responsible. 

Sterilization  of  Catgut. — I  cannot  enter  into  detail  here  as  to  the 
difficult  methods  of  sterilizing  catgut  which  have  been  put  forward  by 
V.  Bergmann,  Hofmeister,  Saul,  and  which  are  very  expensive,  and  require 
a  special  apparatus.  A  simple  and  at  the  same  time  absolutely  safe 
method  of  catgut  sterilization  is  that  of  Claudius.  The  rough  catgut, 
without  receiving  any  preliminary  preparation,  is  wound  in  single  layer 
around  glass  spools,  and  left  for  8  days  in  a  solution  of: 

Potassium  iodid. 

Pure  iodin aa       1  part 

Distilled  water 100  parts 

This  iodin  solution  is  placed  in  a  broad  shiallow  glass  container  closed 
with  a  sliding  cover.  On  the  outside  is  pasted  a  label  indicating  on 
what  day  the  catgut  has  been  put  in  the  liquid.  I  have  always  used 
Claudius's  catgut  directly  from  the  solution.  After  about  6  months  it 
has  still  very  good  tensile  qualities,  but  is  somewhat  swollen.  Lately,  I 
have  been  using  as  disinfecting  solution  one  prepared  according  to  the 
following  formula,  in  which  the  catgut  swells  less: 

Tincture  of  iodin 60.0 

Absolute  alcohol. 

Distilled  water aa   450.0 

For  the  general  practitioner  I  would  recommend  one  of  the  catguts 
prepared  by  manufacturers:  I  have  found  particularly  useful  the  dry 
iodin  catgut  of  the  firm  of  Carl  BiUmann,  of  Mannheim,  and  Kareivski's 
catgut  in  sealed  tubes  from  the  firm  of  Hu^o  Rosenberg,  Berlin  W.  50. 
The  Kronig  Cumolcatgut  is  also  a  good  preparation.    For  skin  sutures,  I 
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no  longer  use  catgut,  especially  iodin  catgut,  because  it  gives  rise  to  too 
many  symptoms  of  irritation  in  the  suture  canals. 

Silkwormgut. — Silkwormgut  (Crin  de  Florence)  may  be  easily  ster- 
ilized by  boiling  in  water  or  antiseptic  solutions  without  impairing  its 
tensile  strength ;  the  same  may  be  said  of  celluloid  threads,  Pagenstecher* s 
celluloid,  and  Braun^s  celluloidin  threads,  and  metallic  sutures  (silver, 
aluminum  bronze  {Socin),  Vienna  wire). 

The  sterilization  of  dressing  materials  and  of  operation  compresses 
is  done  in  steam,  either  free  or,  better,  under  pressure  (108-110°  C. ) .  A 
description  of  the  apparatus  needed  for  that  purpose  would  lead  us  too 
far.  Fig.  1,  on  page  9,  shows  a  simple  apparatus  sufficient  for  the 
general  practitioner  for  the  simultaneous  sterilization  of  dressings  and 
compresses.    The  caption  contains  also  the  directions  for  its  use. 


II.  Anesthesia  in  Operations 

We  must  distinguish  between  local  and  general  anesthesia  and  lum- 
bar anesthesia,  which  stands  between  these  two. 


A.  Local  Anettkesu  by  Means  of  Cold  (Freezmg  of  lusoes) 

This  method  is  suitable  only  for  very  superficial  operations,  tap- 
pings, incisions  of  superficially  located  abscesses,  extirpation  of  small 
and  easily  shelled-out  tumors  (wens  on  the  head),  removal  of  nails  in 
suppurations  of  the  nail-bed. 

Ethyl  Chlorid.— The  freezing  of  tissues  is  effected  by  spraying 
volatile  substances,  sometimes  with  an  atomizer  (ether  spray),  but 
most  often  with  ethyl  chlorid  (Kelene),  which  must  be  kept  on  hand 
in  small  metal  or  glass  vials  (Figs.  5  and  6).  The 
mouths  of  the  latter  are  obturated  by  a  small  metallic 
cap,  presenting  a  capillary  slit,  which  is  closed  by  a 
screw  (Fig.  5)  or  a  lever  appliance  (Fig.  6).  The 
screw  is  removed  or  the  lever  pressed  down,  and  the 
opening  directed  downward,  so  that  the  liquid  coming 
out  in  a  fine  jet  may  be  projected  on  the 
spot  to  anesthetize  from  a  distance  of 
twelve  to  sixteen  inches,  oftentimes 
from  less.  Under  the  influence  of  the 
cold  produced  by  evaporation,  an  intense 
redness  appears  at  first  in  most  cases, 
and  is  rather  suddenly  replaced  by  a 
whitish  color  when  a  superficial  layer 
has  been  congealed.  Continue  then  the 
spray  for  half  a  minute  or  a  minute 
longer,  and  carry  out  quick  the  contem- 
plated intervention,  because  the  loss  of 
sensation  lasts  only  a  very  short  time. 
A  longer  application  of  the  ethyl  chlorid 
spray  may  cause  frost-bites.  Liquid  car- 
bonic acid  is  also  utilized  for  the  freez- 
ing of  tissues,  and  with  the  latter  we 
can  work  more  in  the  deeper  passages. 
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The  apparatus  necessary  for  this  is  rather  cumbersome  and  heavy,  the 
method  is  complicated  and  costly,  and  also  vastly  inferior  to  the  one  that 
will  be  described  now. 

Anesthesia  by  Ii^jections  of  Cocain  or  of  a  Substitute 

The  anesthetic  properties  of  cocain  on  mucous  membranes  when 
applied  with  a  swab  or  sprayed  in  concentrated  solutions  (10%)  are  sel- 
dom utilized  in  surgery,  and  for  that  reason  receive  here  only  a  passing 
mention. 

Two  methods  compete  here  together:  Sckleick's  infiltration  anesthesia 
and  conduction  anesthesia  (Oberst-Hackenbruch-Braun) . 


Fic.  7. 


We  must  link  cocain  anesthesia  by  injection  with  the  name  of 
Schleick,  though  the  latter  had  many  predecessors,  particularly  Coming. 
But  it  must  be  acknowledged  that  for  us  in  Germany,  Schleick  it  was 
who,  fighting  untiringly  for  the  method,  brought  it  finally  to  victory.  It 
is  true  that,  for  good  reasons,  the  complex  solution  proposed  by  Schleick 
is  no  longer  used  by  most  surgeons;  but,  despite  this  fact,  the  method  is 
justly  called  Sckleick's.  Braun  has  rendered  a  great  service  by  proving 
that  the  anesthetic  fluid  must  be  isotonic  with  the  fluids  of  the  tissues, 
and  have  the  same  freezing  point  as  they  (-0.55''-0.56°  C).  in  order 
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not  to  cause  damage  to  the  tissues  and  no  pain  at  the  time  of  injection. 
The  solutions  used  by  ScMeich  did  not  fully  meet  these  requirements. 

Instruments. — I  always  use  the  2  c.c.  or  10  c.c.  sizes  of  the  so-called 
Record  syringe  (see  Fig.  7),  which  has  the  advantage  of  closing  abso- 
lutely tight,  and  of  being  boilable  on  account  of  its  simple  construction. 
The  cannula  is  directly  screwed  on,  or  there  is  a  conical  end  on  which  the 
same  is  adjusted,  and,  at  the  same  time,  made  fast  by  means  of  a  so- 
called  bayonet  lock.  The  cannula  (hollow  needle)  must  be  sharp  and  fine. 
Those  made  out  of  platiniridium  are  to  be  preferred  to  steel  needles, 
because  they  last  longer  and  do  not  rust ;  on  the  other  hand,  they  present 
the  disadvantage  of  bending  easily,  and  of  overcoming  only  with  diffi- 
culty the  resistance  of  dense  tissues.  For  injections  in  loose  subcutane- 
ous or  subfascial  tissues,  particularly  when  there  are  large  venous  vessels 
in  the  vicinity,  HackeiUyruch  uses  a  hollow  needle  which,  instead  of  a 
point,  carries  a  small,  blunt,  gold  knob,  which  permits  an  easy  introduc- 
tion in  the  meshes  of  the  subcutaneous  connective  tissue,  but  makes 
impossible  the  wounding  of  a  vein  with  the  resulting  direct  injection  in 
the  blood.  The  instruments  are  sterilized  by  boiling  in  the  ordinary 
instrument  boiler,  but,  before  being  used,  the  syringe  and  needle  must 
be  washed  in  sterile  water  or  salt  solution,  and  thus  freed  from  every 
trace  of  soda,  on  account  of  the  risk  of  decomposition  of  the  anesthetic. 

Cocain. — The  best  substance  to  induce  local  anesthesia  is  cocain, 
which  was  principally  made  known  in  the  middle  eighties  by  Relieves 
communications,  and  was  introduced  in  surgical  practice  by  Reclus  in 
France,  Coming  in  America,  and  Schleich  in  Germany.  Its  high  toxic 
power,  especially  in  concentrated  (more  than  2%)  solutions,  has  been 
the  reason  of  the  birth,  in  these  last  few  years,  of  a  number  of 
Substitutes,  among  which  I  shall  mention  particularly  B-eucain, 
tropacocain,  novocain,  stovain,  alypin,  and  anesthesin.  Besides  the  tox- 
icity, the  impossibility  of  sterilizing  cocain  solutions  played  also  an 
important  part  in  the  appearance  of  the  aforementioned  substitutes. 
The  result  was  that,  not  only  did  cocain  act  differently  on  different 
individuals,  but  also  in  the  same  individual  at  different  times.  The 
efforts  were  therefore  directed  toward  the  finding  of  a  non-poisonous 
preparation  susceptible  of  being  sterilized  and  constant  in  its  action. 
Such  an  agent  for  infiltration  anesthesia  seems  to  have  been  found 
recently  in  novocain,  of  which  Braun  says  that,  ** after  the  concentration 
of  solutions  used  with  cocain  has  been  doubled,  and  with  the  simultane- 
ous adjunction  of  that  adjuvant  to  local  anesthesia,  which  has  already 
become  indispensable  to  cocain  anesthesia,  namely,  suprarenin,  novocain 
is  an  ideal  anesthetic  for  injection  in  the  tissues,  which  not  only  has 
been  able  to  replace  cocain  everywhere,  but  which,  on  account  of  the 
possibility  of  injecting  without  danger  a  much  larger  quantity  of  the 
anesthetizing  solution,  has  considerably  added  to  the  safety  of  local  anes- 
thesia. I  have  never  observed  toxic  phenomena  in  man,  even  with  doses 
of  0.4  gm.  or  0.5  gm."    I  also,  after  a  eucain  and  stovain  period,  have 
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used  recently  the  sterile  tablets  of  novocain  furnished  by  the  Hoechst 
Farbwerke,  dissolved  in  sterile  physiological  salt  solution. 

Anemia  in  Local  Anesthesia. — The  anesthetizing  power  of  the  vari- 
ous anesthetics  can  be  highly  increased,  the  duration  of  the  anesthesia 
lengthened,  and  the  danger  of  poisoning  minimized  by  the  encircling  of 
the  limb  with  Esmarch^s  bandage,  once  it  has  been  emptied  of  its  blood. 
But  recently,  I  have  put  the  tube  in  place  only  after  the  field  of  operation 
had  been  injected,  and  my  impression  is  that  anesthesia  is  obtained 
still  more  quickly. 

Suprarenal  Extracts. — Besides,  we  add  to  the  anesthetic  suprarenal 
extract,  suprarenin  Hoechst  (adrenalin),  which  contracts  the  bloodves- 
sels and  makes  them  bloodless.  The  action  of  the  anesthetic  is  thus 
strongly  reinforced,  and  it  can  be  used  in  a  lesser  concentration  and  in 
smaller  amounts.  As  suprarenal  extracts  raise  considerably  the  blood- 
pressure,  we  must  be  very  careful  when  using  them  in  arteriosclerotic 
subjects.  We  use  the  German  preparation  (suprarenin  Hoechst),  which 
is  found  on  the  market  in  ready-made  solutions,  of  which  can  be  injected 
at  the  most  7  drops,  well  diluted  in  salt  solution,  never  in  the  concen- 
trated form.  The  use  of  suprarenin-novocain  tablets  does  away  with 
the  fear  of  an  overdose.  Lately,  Braun  discovered  and  strongly  rec- 
ommended homorenon,  a  constant  preparation,  equal  in  value  to  supra- 
renin, and  susceptible  of  being  used  (after  Braun)  in  concentrations  four 
times  higher  than  those  of  the  latter.  Homorenon  is  a  synthetical  prod- 
uct, not  extracted  from  the  suprarenal  bodies.  All  suprarenal  extracts 
are  subject  to  deterioration  under  the  influence  of  light  and  free  access 
of  air,  so  that  they  must  be  kept  in  brown  glass  bottles,  well  corked  and 
in  a  dark  place.  Turbid  solutions,  or  solutions  which  have  become  red- 
dish, must  be  rejected. 

As  I  have  already  said,  I  use  the  following  preparations,  put  up  by 
the  Hoechst  Farbwerke,  and  which  are  found  in  a  sterile  condition  on 
the  market,  in  small  tubes  containing  each  10  tablets.  These  are  taken 
with  a  sterile  forceps,  and  dissolved  by  boiling  in  sterile  physiological 
salt  solution. 

Novocain-suprarenin  tablets  A  for  infiltration  anesthesia  by  ScMeich's 
method.  Each  tablet  contains  0.125  gm.  of  novocain  and  0.00016  gm.  of 
boric  suprarenin,  and  gives,  when  dissolved  in  50  c.c.  of  physiological  salt 
solution,  a  0.25%  solution;  when  dissolved  in  25  c.c.  a  0.5%  solution. 
(Solutions  Nos.  I  and  II. )  According  to  Braun,  these  serve  for  infiltra- 
tion anesthesia  and  for  the  anesthesia  of  thick  layers  of  tissues. 

Novocain-suprarenin  tablets  B  for  regional  anesthesia  {Oberst-Hacken- 
bruch-Braun) .  Each  tablet  contains  0.1  gm.  novocain  and  0.00045  gm. 
boric  suprarenin,  and  gives,  when  dissolved  in  10  c.c.  of  physiological  salt 
solution,  a  1%  solution,  and  in  5  c.c.  a  2%  solution.  Solutions  Nos.  Ill 
and  IV  are  used  for  conduction  anesthesia  and  to  anesthetize  bigger 
nerve  trunks. 

Solutions  I,  II,  and  III  are  the  most  commonly  employed  by  us. 
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Schleich's  Infiltration  Anesthesia 

For  this  purpose  we  use  Solution  I  (0.25%). 

To  anesthetize  a  tract  (Fig.  8,  A-B,  length  of  the  supposed  incision), 
a  thin  needle  (after  the  point  of  puncture,  in  sensitive  patients,  has  been 
frozen  with  ethyl  chlorid)  is  introduced  flat  into  the  skin  at  i  or  1  cen- 
timetre beyond  the  point  where  the  incision  will  begin  (Fig.  8,  top),  and 
by  pushing  gently  on  the  plunger  rod  (this  must  not  cause  any  pain)  a 
circular  lump,  about  half  an  inch  in  diameter,  is  produced.  The  needle 
is  now  pushed  almost  to  the  circumference  of  the  lump  (Fig.  8,  middle), 
care  being  taken  always  to  keep  within  the  skin  tissue,  and  another  lump 
is  produced,  and  so  forth,  till  the  point  B  is  reached  (Fig.  8,  bottom),  or 
the  whole  length  of  the  needle  has  been  pushed  in  before  the  end  of  the 
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Fig.  8. 


incision  has  been  attained.  In  the  latter  case,  the  needle  must  be  with- 
drawn and  reinserted  within  the  last  lump  produced.  The  anesthesia 
sets  in  at  once,  and  lasts  about  half  an  hour.  In  the  same  way  the  sub- 
cutaneous tissue  and  fat,  the  fascia  and  subfascial  tissues  may  be  then 
anesthetized  immediately.  When  the  skin  is  freely  movable,  a  conve- 
nient way  is  to  lift  up  a  fold  and  then  anesthetize.  In  regions  difficult  of 
access,  which  cannot  easily  be  reached  with  the  hollow  needle  directly  in 
the  continuation  of  the  axis  of  the  syringe,  one  may  use  a  syringe  with 
a  bent  extremity  (Fig.  7,  page  15).  In  this  case  the  pressure  must 
be  carefully  exerted  in  the  direction  of  the  needle,  so  as  not  to  break  the 
latter  where  it  adjusts  itself  on  the  injecting  appliance.  While  the 
thumb,  the  index,  and  the  middle  finger  hold  the  syringe,  the  fourth  fin- 
ger (which  is  hidden  in  Fig.  7)  exerts  exactly  in  the  direction  of  the 
needle  the  pressure  necessary  to  push  forward  the  needle,  the  whole  hand 
following  the  displacement. 

Infiltration  of  Thick  Layers  of  Tissue. — Many  authors  advise,  in 
the  case  of  thick  layers  of  tissue,  to  produce  on  the  surface  only  the  first 
lump,  then  to  penetrate  deep  and  anesthetize  the  deepest  layer  of  tissue 
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that  will  have  to  be  divided,  that  is  the  fascia,  and  anesthetize  the  skin 
last  The  reason  for  so  doing  is,  that  with  the  artificial  production  of 
edema,  when  one  proceeds  from  without  inward,  the  deeper  strata  of  tis- 
sue, always  recede  deeper  and  become  difficult  to  reach  and  to  distinguish. 
In  this  respect  we  may  be  guided  by  a  finer  sense  of  touch,  which  allows 
us  to  infer  from  the  variations  of  resistance  met  with  by  the  needle  in  its 
progress,  now  I  am  in  the  skin,  now  in  the  subcutaneous  fat,  now  in 
the  aponeurosis,  now  in  the  periosteum. 

Disadvantages  of  Infiltration  Anesthesia. — Schleich's  infiltration 
anesthesia  has  the  disadvantage  of  producing  an  artificial  edema  in  the 
region  to  be  operated  on,  of  blotting  out  its  limits,  of  lasting  only  a  short 
time  when  very  weak  solutions  (1%)  are  used,  and  of  causing  violent 
pains  in  cases  of  inflammatory  infiltrations,  even  with  the  most  careful 
technique,  on  account  of  the  added  distention  of  the  tissues. 

Conduction  Anesthesia 

All  these  disadvantages  are  obviated  by  inducing  anesthesia  after  the 
method  of  Obet^st-Hackenhmch.  In  this  method,  the  conduction  in  the 
nerve  trunks  supplying  the  field  of  operation  is  stopped  outside  this  field 
by  the  injection  in  the  vicinity  of  those  nerves,  and  the  diffusion  in  them 
of  i,  1,  2%  solutions.  I  will  not  enter  here  in  the  subject  of  anesthesia 
of  large  nerve  trunks  through  percutaneous  injection  of  an  anesthetic  in 
their  sheath  or  the  formation  of  a  deposit  of  the  same  in  their  vicinity, 
though  I  mention  here,  without  further  details,  the  possibility  of  obtaining 
thus  an  anesthesia  of  the  whole  forearm,  for  instance. 

Anesthesia  of  Big  Nerve  Trunks.— This  method  is  easy  of  appli- 
cation only  at  a  few  points  where  the  nerves  lie  superficially,  and  are 
therefore  readily  accessible;  in  other  cases  it  is  uncertain  and  com- 
plicated by  the  exposure  of  the  nerve.  It  will  be  particularly  referred  to 
in  the  special  part  of  this  book,  wherever  we  can  make  a  practical  appli- 
cation of  this  mode  of  anesthesia  of  big  nerve  trunks. 

Anesthesia  After  Oberst  (Pemice) 

We  use  it  principally  on  fingers  and  toes,  and  in  a  form  somewhat 
modified  from  the  original  technique.  In  the  latter,  after  circling  of  a 
finger,  for  instance,  around  its  base  (Fig.  9),  an  injection  of  1%  cocain 
solution  was  made  on  the  dorsum,  on  the  ulnar  and  radial  sides,  and  like- 
wise on  the  palmar  aspect,  and  also  on  the  site  of  the  four  nerve  branches 
penetrating  the  finger.  After  10  minutes  anesthesia  was  obtained.  We 
use  now  for  that  purpose  a  1%  (Solution  III)  or,  more  rarely,  a  2^o  (Solu- 
tion rV)  solution  of  novocain,  and  form  a  complete  infiltration  ring  (0) 
around  the  finger.  The  nervous  branches  with  the  bloodvessels  (Fig.  9, 
Sections  N  and  A)  run  in  the  subcutaneous  fat,  and  the  anesthetic  diffuses 
rapidly  into  them,    particularly  when  slight  massage  is  added.     The 
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needie  is  best  first  inserted  in  the  dorsal  median  line,  perpendicularly  to 
the  long  axis  of  the  finger,  and  a  lump  is  produced.  As  soon  as  the  skin  is 
gone  through,  which  is  known  easily  by  the  leaser  resistance,  some  more  of 
the  anesthetic  is  injected  and  the  process  is  con- 
tinued, pressure  being  always  exerted  on  the  piston- 
rod,  and  the  needle  pushed  as  far  as  it  can  go  into  the 
subcutaneous  tissue  around  the  finger;  then  it  is 
withdrawn  to  the  point  of  entrance  and  rotated  180°, 
without  the  point  leaving  the  subcutaneous  tissue. 
The  process  is  repeated  on  the  other  side.  In  moat 
cases  one  can  infiltrate  in  this  way  two-thirds  or 
more  of  the  circumference  of  the  finger.  The  same 
is  repeated,  starting  from  another  point  of  insertion 
of  the  needle  on  the  other  side,  just  opposite  the 
first  One  must  then  wait  till  a  needle  prick  on 
the  finger-tip  is  no  longer  felt,  which  occurs  gener- 
ally in  5,  at  most  in  10  minutes.  If  this  technique 
be  rightly  carried  out,  the  result  will  be  gratifying 
both  to  patient  and  physician. 

Po»t  Operative  Pain.— Nearly  always,  after  a 
few  hours,  pain  is  felt,  often  very  severe,  which 
may,  however,  be  much  relieved  by  elevating  the 
part. 
Hackenbrach'M  Technique. — Hachenbruch's  technique  is,  properly 
speaking,  identical  with  Oberat'e.  It  can  be  applied  to  the  extremities 
with  concomitant  artificial  anemia,  but  the  latter  is  not  necessary  with 
Solutions  III  and  IV  (1  and  2f7c).  The  addition  of  suprarenin  makes 
already  the  field  altogether  bloodless,  provided  it  is  not  crossed  by  rather 
large  bloodvessels.  The  accompanying  diagrams  (Figs.  10  and  11)  will 
best  explain  the  method.     Prom  the  knowledge  of  the  nerve  supply  in 
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the  different  parts  of  the  body,  one  can  easily  conceive  the  particular 
features  of  the  technique  in  the  corresponding  regions.  In  Fig.  10,  the 
black  centre  and  the  inflammatory  zone  of  a  furuncle  are  supposed  to  be 
represented.  As  every  increase  of  the  distention  in  such  a  case  causes 
intense  pain,  we  are  careful  to  remain  well  beyond  the  inflamed  swelling. 
A  and  B  are  the  points  of  insertion  of  the  needle,  the  injection  in  the 
subcutaneous  tissue  is  pushed  in  the  direction  of  the  dotted  lines,  just  as 
in  CAerst's  method. 
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Rhomb. — Next,  the  surgeon  injects  from  the  same  insertion  points 
underneath  the  field  of  operation  (Fig.  11),  and  waits  till  anesthesia  is 
produced  (5  to  10  minutes).  For  larger  areas,  one  must  eventually  select 
more  than  two  injection  points  (Fig.  12).  In  this  illustration  the  iield  of 
distribution  of  a  small  cutaneous  nerve  of  the  forearm  is  drawn  some- 
what diagrammatically.  If  an  injection  should  strike  exactly  the  affer- 
ent nervous  trunk,  for  instance  in  A,  the  whole  skin  region  supplied  by 
said  trunk  would  naturally  be  anesthetized.  But  this  is  uncertain,  and 
the  injection  from  b,  c,  and  d  is  decidedly  to  be 
preferred.  Thereby  the  radiating  rami  of  the 
central  nerve  are  reached  all  together,  and  it  is 
theoretically  not  necessary  to  anesthetize  the  tract 
between  c  and  d,  and  in  practice  it  is  frequently 
omitted.  But  at  points  where  contiguous  nerve 
territories  meet,  and  where  zones  exist  supplied 
by  two  nerves — for  instance,  on  the  trunk,  on  the 
middle  line — it  is  always  safer  to  inject  all  around 
the  field  of  operation.  The  surgeon  who  has  first 
tried  and  learned  the  method  in  small  operations, 
will,  tittle  by  little,  learn  to  prize  and  like  it  in 
real  major  surgical  work.  In  OiersCs  and  Hack- 
enbruck's  techniques,  lumps  must  not  be  produced 
in  the  3kin.  Let  us  emphasize  the  point  once 
more.  The  field  of  operation  must  not  be  made 
edematous.  Only  the  point  of  insertion  of  the  needle  is  made  insensible 
at  the  beginning  with  a  slight  lump. 

AdvantagBM  of  Conduction  Aneathetia. 

1.  Availability  also  in  infiltrated  and  inflamed  tissues. 

2.  Thorough  anesthesia  of  the  field  of  operation  within  much  wider 
limits,  and  of  longer  duration,  thus  rendering  the  placing  of  sutures 
possible  without  further  recourse  to  the  anesthetizing  fluid, 

3.  It  gives  a  good  survey  of  the  field  of  operation  on  account  of  the 
lack  of  artificial  edema  and  of  almost  all  bleeding,  owing  to  the  addition 
of  suprarenin. 

Not  more  than  5  c.c.  (equivalent  to  one  tablet  B)  of  Solution  IV  (2%), 
not  more  than  10  c,c.  (equivalent  to  one  tablet  B)  of  Solution  III  may  be 
used.  Are  large  areas  to  be  injected,  then  prepare  a  1%  solution,  con- 
taining 3  X  0.00016  =  0.00048  gm.  suprarenin  by  dissolving  three  tablets 
A  in  37.5  c.c.  of  physiological  salt  solution. 


Fig.  12. 


Venous  Anesthesia  After  Bier 

Before  the  37th  Congress  of  the  German  Surgical  Society,  in  1908, 
Bier  disclosed  a  new  way  of  inducing  local  anesthesia  in  the  extremities. 
I  repeat  here  his  technique,  as  published  in  the  Transactions  of  the  Con- 
gress.   "Under  all  circumstances,  a  reliable  artificial  anemia  is  necessary, 
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and  the  bkxxlveH»elH  of  the  re^on  to  anesthetize  must  be  as  empty  as 
pfjmWAe.  ThJH  ih  obtained  by  rolling  around  the  limb,  as  firmly  and  as 
ct^mpUiUAy  as  ixissible,  the  old  Esrmarch  ^landage;  or,  when  the  artificial 
anemia  is  pr^xJuced,  incising  laterally  the  vein  which  has  been  selected, 
and  letting  the  blorKj  still  retained  in  the  limb  flow  out  through  the  slit; 
which  can  \te  hast^med  by  retracting  the  soft  parts.  A  little  above  the  place 
where  the  ofK^ration  is  i/y  take  place,  the  first  constricting  band  needed 
it}  pvinhxcii  the  anemia  must  ^x.•  applied,  not  in  the  ordinary  way  under 
the  form  of  a  thick  bandage  or  of  a  tube  whose  turns  cover  exactly  one 
another,  \HtVMnnti  such  a  methorl  causes  unbearable  pain  as  a  consequence 
of  strong  pressure.  We  must  use  rather  a  soft,  thin  rubber  bandage 
v/hima  numerous  spires  sprearj  over  a  longer  section  of  the  limb.  Pro- 
vided it  Ui  methrnJically  applied,  such  a  bandage  gives  a  reliable  anemia, 
and  i\(H*M  not  feel  painful  even  in  the  longest  operations. 

''The  Hec^>nd  rubJier  bandage  is  applied  similarly  at  a  certain  distance 
Ik'Iow  the  ofHjrative  field.  These  rubber  bandages  are  kept  in  carbolic- 
a<!id  solution  and  are  Jxjiled  every  time  they  have  served  for  a  septic  op- 
eratl(;n.  ]^;tw(;en  these  two  bandages,  a  subcutaneous  vein  is  exposed. 
In  the  leg,  the  best  is  the  great  saphenous  vein,  which  can  always  be 
easily  found  along  its  entire  course  from  the  internal  malleolus  to  its 
arch.  In  some*  cases  the  minor  saphenous  vein  is  to  be  selected.  In  the 
arm,  the  basilic,  the  cephalic,  and  the  media  cubiti  veins.  If  the  veins  are 
felt  or  HiH*n  from  the  outside,  they  are  exjK>sed  by  a  longitudinal  incision. 
If  such  is  not  th<i  case,  they  can  always  be  found  by  means  of  a  trans- 
verse incision,  made  while;  the  eyes  are  kept  on  the  anatomical  course  of 
the  v<»ss<?l.  If  a  transverse  incision  l)e  used,  the  big  veins  can  hardly  be 
missed.  lifirge  cutaneous  veins  are  often  seen  without  any  special  aid  in 
the  futun?  iVAA  of  o]>eration.  esfKicially  when  swollen  as  a  result  of  a 
pressure*  i*\i*rU\i\  by  the  hand  or  a  venesection  bandage.  Nevertheless 
it  is  not  advisable*  to  select  a  small  vessel,  because  it  renders  the  intro- 
duction of  tlu»  necdUi  diflicult. 

"Wlu»n  the  d(fsin»d  vcHn  has  l)een  found,  one  proceeds  exactly  as  for  an 
intravenous  infusion.  Two  threads  are  passed  with  a  Desc/iamp  needle 
around  the  denuded  ve^sscl,  the  latter  is  cut  obliquely  between  the  two 
ligat.un»s,  th<»  cannula  which  is  used  in  intravenous  injections  (Fig.  13,  c), 
and  which  I  (liivr)  rcTommend  exclusively,  is  inserted  into  the  vein,  and 
one  thnsul  ti(»d  tightly  over  it,  while  with  the  other  thread  the  other  end 
of  th<»  vrss(»l  is  ligated."  With  the  well-known  50  c.c.  injection  syringe 
with  elouhle*  boreel  neck  (Fig.  VX)  (one  of  the  canals  being  for  the  aspira- 
tion of  th(»  injt»ction  fluid,  the  other  for  the  injection  in  the  vein),  a  \-h% 
solution  of  novocain  is  pushed  into  the  vein  by  a  regular  and  gentle 
presHUiv  on  the  plunger-rod.  It  d(K»s  not  matter  whether  the  injec- 
tion is  ])ushe(l  toward  the  ])oriphery  or  toward  the  centre.  Bier  pushes 
in  most  c;ises  toward  the  peripheral  part,  and  overcomes  the  resistance 
of  venous  valvules  by  stronger  pivssure.  On  account  of  this,  it  is 
necessary  tx)  have  the  cannula  tight  in  the  vein  and  the  tubes  firmly 
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fastened  on  the  syringe  and  the  cannula  so  they  do  not  loosen  during  the 
injection. 

Then  one  watches  how  the  segment  of  limb  between  the  two  bandages 
absorbs  the  fluid  and  swells.  Generally  the  skin 
becomes  even  whiter  than  it  was  under  the  influ- 
ence of  simple  anemia;  but  if  the  part  still  con- 
tains some  blood,  it  becomes  bluish  because  the 
blood  is  forced  from  the  deep  into  the  superficial 
veins. 

When  one  injects  toward  the  periphery,  it  is 
desirable  to  open  the  vein  as  near  to  the  proximal 
bandage  as  possible,  otherwise  the  anesthesia, 
from  beginning  to  end,  leaves  something  to  be 
desired,  or  occurs  only  after  a  few  minutes.  In 
order  to  diffuse  regularly  the  anesthetizing  solu- 
tion, we  spread  it  with  hand  massage,  or  when  a 
joint  happens  to  be  in  the  field  of  operation,  by 
motions  of  the  latter. 

The  novocain  (0.25  gm.  or  0.5  gm.  in  100  c.c. 
of  fluid)  must  always  be  dissolved  in  physiological 
salt  solution,  so  as  to  avoid  injury  to  the  tissues. 

In  adults,  for  resection  of  the  knee  for  in- 
stance, 60  to  80  c.c. ;  for  that  of  the  elbow,  40  to 
-  50  C.C.  of  the  0.5%  novocain  solution;  or  for  the 
former  150  c.c,  for  the  latter  100  c.c.  of  the  0.25% 
novocain  solution  are  required.  The  0.5%  solution 
is  the  better  of  the  two. 

There  is  still  the  question  whether  direct 
anesthesia  of  a  segment  of  limb  between  two 
bandages  or  indirect  (conduction)  anesthesia  below 
the  peripheral  bandage  is  the  more  convenient 
Direct  anesthesia  is  produced  immediately  with  a 
0.5%  solution;  the  indirect,  below  a  peripheral 
bandage,  takes  a  longer  time  to  develop,  but  is 
generally  very  complete  and  very  satisfactory  for 
the  operation. 

If  the  action  of  novocain  be  protracted,  it  gen- 
erally causes  a  motor  paralysis.  Both  kinds  of 
paralysis,  sensitive  and  motor,  disappear  in  most 
cases  after  the  normal  ciroulation  is  restored. 

Frequently,  when  a  0.25%  solution  is  used, 
analgesia  only  is  obtained.  To  keep  away  as  com- 
pletely as  possible  the  novocain  from  the  general 
circulation,  one  proceeds  as  follows:  After  the  operation  is  ended,  but 
before  the  sutures  are  placed,  the  peripheral  bandage  is  removed  alto- 
gether, and  the  central  loosened  slowly  up  to  the  point  that  will  open  the 
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arteries  without  letting  the  veins  do  the  same ;  that  is  to  say  in  practical 
work,  till  the  limb  begins  to  redden  and  blood  begins  to  flow  from  the 
wound  in  considerable  amount.  Thus  some  of  the  novocain  remaining 
in  the  vascular  area  is  washed  out  by  this  blood.  If  the  stitches  remain 
still  to  be  placed,  the  unrolled  part  of  the  bandage  is  tightened  again 
till  the  arteries  are  occluded,  so  as  not  to  let  anesthesia  wane  rapidly. 

When  large  quantities  of  0.5%  novocain  solution  are  employed,  the 
injection  cannula  must  be  left  in  situ  till  the  end  of  the  operation,  when, 
before  removing  the  constricting  bandage,  the  operator  will  flush  with 
warm  physiological  salt  solution  the  whole  vascular  system  of  the  limb 
operated  upon. 

B.  Lumbar  Anestheria  After  CominK-Ker 

Anatomical  Data. — In  adults  the  spinal  cord  does  not  descend  below 
the  first  lumbar  vertebra  (Fig.  14).  Below,  there  is  only  the  dural  sac, 
the  filum  terminale  and  the  cauda  equina  formed  by  the 
roots  of  the  lumbar  and  sacral  nerves.  According  to  Ger~ 
stenberg's  researches,  these  formations  All  more  or  less, 
owing  to  individual  variations  in  their  calibre,  the  sub- 
arachnoidal space  (the  cistern),  so  that  the  free  space 
between  the  nerves  varies.  Sometimes  they  float  freely 
in  the  fluid,  sometimes  they  closely  hug  each  other;  but 
the  flrst  case  is  the  more  frequent.  The  freer  they  float, 
the  easier  one  can  penetrate  with  a  needle  in  the  lumbar 
sac  without  striking  any  of  them. 

From  without  inward  the  cord  is  surrounded  by: 

1.  The  spinal  column. 

2.  The  periosteum  of  the  spinal  column,    which    is 
formed  by  the  external  layer  of  the  spinal  dura  mater, 

3.  The  strong  shining  fibrous  internal  layer  of  the  dura 
mater. 

Between  these  two  layers  lie  some  soft  fatty  tissue 
and  a  large  venous  plexus. 

4.  The  outer  layer  of  the  arachnoid. 

5.  The  inner  layer  of  the  arachnoid. 
Between  these  two  is  found  the  subarachnoidal  space, 

which  expands  at  the  level  of  the  lumbar  sac  into  the 

cistern.     The  cerebro-spinal  fluid  fills  this  sac,  and  circu- 

>\  lates  rather  freely,  despite  the  numerous  septa  existing 

Fig  14  between  the  two' layers.    This  subarachnoidal  space  is  the 

place  where  to  deposit  the  anesthetizing  fluid  in  lumbar 

anesthesia,  and  whence  to  remove  cerebro-spinal  fluid  in  lumbar  puncture 

(Fig.  15). 

6.  The  spinal  pia  mater  united  relatively  firmly  with  the  inner  layer 
of  the  arachnoid. 
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While  in  the  cervical  and  dorsal  spine  the  spinous  processes  lie  very 
close  to  one  another,  and  ascend  obliquely  from  behind  forward,  in  the 
lumbar  vertebrae  they  assume  a  fairly  horizontal  direction,  and  get 
farther  from  each  other  when  the  upper 
part  of  the  body  is  strongly  bent  forward. 
Consequently  we  can  here  introduce  a 
needle  in  the  lumbar  sac  without  striking 
against  a  bone.     The  interspinous  liga- 
ments   stretched   between    the    spinous 
processes  do  not  offer  too  great  a  resist- 
ance   to    the    introduction    of   a    sharp 
needle. 

A  second  site  to  penetrate  into  the 
dural  sac  is  found  laterally  between  the 
vertebral  arches,  at  about  half  an  inch 
from  the  middle  line,  but  is  only  seldom 
used  by  us  for  the  lumbar  puncture  pre- 
ceding lumbar  anesthesia. 

Instruments. — To  execute  a  lumbar 
puncture,  we  need  the  following  simple 
instruments : 

I.  A  Bier  cannula  for  lumbar  puncture  (Fig.  16).  The  point  must  be 
bevelled  short  and  strongly  hollowed  out,  so  as  not  to  project  too  much 
into  the  dural  sac,  and  have  at  the  same  time  good  piercing  qualities.  The 
lumen  of  the  cannula  is  exactly  filled  by  a  mandrin.  In  order  that  the 
latter  may  always  occupy  the  same  position,  and  fill  evenly  the  hollow  of 
the  point  of  the  cannula,  it  carries  on  the  handle  a  small  peg,  which  fits 
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Fig.  15. 


Fig.  16. 


into  a  notch  of  the  mouth  of  the  cannula.  The  needle  and  the  mandrin 
are  boiled  separately,  but  all  traces  of  soda  solution  must  be  removed 
from  both  before  they  are  used,  and  also  from  the  syringe,  by  thorough 
flushing  or  rubbing  with  sterile  water  or  physiological  salt  solution, 
because  the  soda  would  alter  the  anesthetic. 

II.  A  10  c.c.  Record  syringe.  As  the  plunger  of  these  slides  easily  by 
its  own  weight,  Donitz  has  adapted  a  small  spring,  which  presses  later- 
ally on  the  plunger  (manufactured  by  Eschbaum  in  Bonn). 

III.  Some  tropacocain.  Small  sealed  glass  tubes  containing  0.06  gm. 
of  tropacocain  in  5%  solution,  sterile,  without  addition  of  suprarenal 
extract 
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I  can  only  describe  here  the  method  employed  by  us,  because  lumbar 
anesthesia  being  still  a  recent  conquest  of  surgery,  the  techniques  put 
forward  to  realize  it  are  legion,  and,  even  in  Bier's  clinic,  stability  of 
method  does  not  seem  to  have  been  reached  yet. 

Preparation  and  Position  of  the  Patient. — Almost  universally,  lum- 
bar puncture  for  lumbar  anesthesia  is  effected  with  the  patient  in  sitting 
position,  and  bending  strongly  forward  (Fig.  17)  the  upper  portion  of 
the  body.  The  patient  sits  on  the  operating-table,  perpendicularly  to  its 
edges,  and  lets  his  legs  hang  down  while  he  stoops  as  much  as  possible. 

The  skin  of  the  back  is  cleaned 
thoroughly  with  hot  water  and  soap, 
then  rubbed  with  alcohol  and  ether. 
An  assistant  holds  then  a  sterile 
towel  so  that  it  joins  the  highest 
points  of  both  iliac  crests  (Fig.  17, 
horizontal  dotted  line).  The  upper 
edge  of  the  towel  passes  on  the  tip 
of  the  spinous  process  of  the  fourth 
lumbar  vertebra. 

Selection  of  the  Point  of  Punc- 
ture.— We  select  for  the  puncture 
the  space  between  the  first  and 
second,  or  between  the  second  and 
third  lumbar  vertebrae.  The  point 
may  be  anesthetized  with  an  ethyl 
chlorid  spray  or  with  a  Schleich 
lump.  Farther  in  the  depth  the 
needle  finds  but  relatively  insensi- 
tive tissues.  Only  at  the  time  of 
entrance  into  the  dural  space  do  pa- 
tients often  complain  of  a  shooting 
pain  in  the  leg.  Prick  directly  in  the  middle  line,  midway  between  the 
spinous  processes,  and  at  first  push  absolutely  horizontally.  If  at  the 
time  the  skin  is  pierced  the  patient  has  straightened  somewhat  on  account 
of  the  pain,  let  him  get  quiet,  and  do  not  resume  the  operation  before  he 
has  strongly  bent  forward  again.  In  very  adipose  patients,  when  the 
spinous  processes  cannot  be  distinctly  felt,  Hackenhruch  advises  to  incise 
first,  under  local  anesthesia,  on  the  place  of  the  spinous  processes,  and 
then  to  puncture.  With  the  needle  directed  a  trifle  upward,  a  depth  of 
about  2  or  3  centimetres  is  reached,  always  keeping  exactly  on  the  median 
line.  The  mandrin  is  then  withdrawn.  If  a  bony  resistance  is  struck, 
the  cannula  is  drawn  back  a  few  millimetres  and  tilted  a  little  more, 
generally  upward,  more  seldom  downward.  The  dura  (inner  layer) 
offers  generally  a  somewhat  stronger  resistance  to  the  needle,  and 
sometimes  is  very  distinctly  noticeable.  As  soon  as  the  end  of  the 
cannula  has  penetrated  freely  in  the  subarachnoidal  space,  the  subarach- 
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rundal  fluid  must  gush  out  absolutely  clear.  A  reddish  fluid,  or  the  issue 
of  only  a  few  drops,  shows  that  the  point  of  the  cannula  is  not  in  the 
right  place.  If,  by  turning  the  needle,  a  strong  jet  is  not  obtained,  we 
must  make  another  puncture  one  spinous  process  higher  or  lower.  As 
soon  as  the  fluid  has  escaped  in  a  clear  jet  (and  to  make  sure  of  this,  it 
is  not  necessary  to  let  more  than  J  or  1  c.c.  flow  out),  the  mouth  of  the 
cannula  is  obturated  with  the  finger.  We  have  previously  drawn  into 
the  syringe  the  required  amount  of  solution,  and  carefully  expelled  all 
the  air.  The  syringe  is  now  adjusted  on  the  cannula.  The  pressure  of 
the  cerebrospinal  fluid  very  often  pushes  the  plunger  back ;  if  not,  the 
surgeon  draws  about  4-5  c.c.  of  the  fluid,  which  mixes  then  exactly  with 
the  tropacocain  solution.  The  mixture  is  again  injected  by  gentle  pres- 
sure, a  little  more  subarachnoidal  fluid  is  drawn  into  the  syringe  and 
reinjected,  then  the  needle  is  quickly  pulled  out,  the  opening  of  the 
puncture  is  occluded  with  gauze  and  adhesive  plaster,  and  the  patient 
brought  immediately  to  the  horizontal  recumbent  position.  Eventually, 
if  one  wants  the  anesthesia  to  ascend  a  little  higher,  the  hips  are  slightly 
elevated.  By  pinching  the  skin  with  a  forceps,  the  place  where  the 
anesthesia  begins  is  ascertained.  If  it  begins  first  in  the  leg,  and  if  it 
is  desired  to  have  anesthesia  reach  as  high  as  possible,  the  hips  must  be 
raised  higher;  if,  on  the  other  hand,  it  begins  in  front,  above  Poupart's 
ligament,  the  hips  must  be  lowered  a  little.  The  maximum  of  anesthesia 
is  reached  in  from  10  to  20  minutes.  The  duration  of  the  anesthesia  varies 
according  to  individuals,  but  is  suflScient  for  most  operations  on  the  pel- 
vis and  lower  limbs.  After  the  operation  the  patient  is  placed  with  the 
upper  part  of  the  body  slightly  raised,  and  is  not  allowed  to  sit  straight 
for  24  hours,  even  when  there  are  absolutely  no  after-effects  noticeable. 
He  generally  can  take  food  forthwith,  an  advantage  not  to  be  underesti- 
mated in  run-down  individuals. 

Indications  and  Contraindications. — In  a  general  way,  we  may  say 
that  lumbar  anesthesia  must  be  resorted  to  when  general  anesthesia,  for 
any  reason,  is  too  dangerous,  and  local  anesthesia  is  not  applicable.  We 
do  not  consider  children  and  very  excitable  persons  as  fit  subjects  for 
lumbar  anesthesia.  At  least,  the  latter  ought  to  be  quieted  by  a  mor- 
phin  injection.  Particularly  well  adapted  are  old  and  weakened  people. 
Recent  syphilis,  diseases  of  the  brain  and  of  the  cord,  septic  infections 
with  bacteria  circulating  in  the  blood  (danger  of  seeing  them  settle  in 
the  locus  minoris  resistentise  created  by  the  puncture)  are  contraindica- 
tions, as  also  is  marked  curvature  of  the  spine,  as  in  these  cases  the 
needle  does  not  get  into  the  dural  sac.  We  do  not  use  this  method  in 
major  laparotomies,  except,  occasionally  for  removing  an  appendix,  or 
for  a  hernia  operation,  chiefly  for  operations  below  the  navel,  in  which 
we  do  not  have  to  pull  strongly  on  the  bowel. 

For  general  practice,  especially  of  the  ambulatory  kind,  lumbar  anes- 
thesia is  not  well  adapted;  but  in  hospitals  it  has  supplanted  general 
narcosis  in  many  cases.    We  cannot  yet  say  exactly  whether  it  is  less 
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dangerous  than  the  latter.  Therefore  I  shall  not  detail  here  what  may 
be  proposed  and  what  has  been  proposed.  Let  us  be  content  with  the 
rules  given  above,  which  represent  Bier's  method  in  all  essential  points. 

C.  General  Narcosis 

Narcotics 

Ether  is  very  fluid  and  easily  inflammable.  A  mixture  of  ether  vapor 
and  air  is  explosive. 

For  narcosis,  only  chemically  pure  ether  especially  prepared  may  be 
used. 

Advantages  of  Ether. — It  is  less  dangerous  during  narcosis;  and  be- 
cause it  raises  the  blood-pressure,  an  overdose  is  less  to  be  feared  than 
with  chloroform. 

Disadvantages. — 1.  Inflammability  and  danger  of  explosion. 

2.  It  irritates  the  mucous  membranes  of  the  respiratory  organs  (pneu- 
monia, bronchitis),  particularly  when  a  high  concentration  (after  Braun, 
more  than  6  or  7%  in  volume)  of  the  air — ether- vapor  mixture  is  used. 
It  increases  therefore  the  mucous  secretion  and  causes  a  flow  of  saliva. 
Both  can  be  avoided  with  the  drop  method  described  below,  or  with  the 
Braun  or  Roth-Draeger  apparatus. 

3.  It  causes  cyanosis,  but  only  when  too  high  a  concentration  of 
the  ether-air  mixture  is  used,  and  particularly  with  the  formerly  com- 
mon suffocation  method,  when  large  masks  covered  the  whole  face, 
and  the  access  of  air  was  cut  out  by  a  handkerchief  being  wrapped 
around  it. 

4.  In  many  individuals  a  good  general  anesthesia  cannot  be  obtained 
with  ether  alone ;  and  in  laparotomy  especially  a  sufficient  relaxation  of 
the  abdominal  muscles  cannot  be  attained.  The  heavy  and  deep  respira- 
tory efforts,  and  the  strong  ascent  and  descent  of  the  diaphragm  are  very 
troublesome  in  operations  of  that  kind. 

5.  The  rise  in  the  blood-pressure  may  still  increase  the  bleeding  in 
operations  already  bloody  in  themselves. 

Chloroform  is  not  burnable,  is  less  fluid  than  ether,  but  evaporates 
just  as  quickly  without  leaving  a  residue.  It  is  colorless,  and  has  a  neu- 
tral reaction.  When  poured  on  blotting  paper,  it  must  not  leave  any 
odor,  and  especially  not  have  a  rancid  smell.  Only  the  purest  chloro- 
form, kept  in  a  dark  glass  bottle,  may  be  used  (Chloroform  Merck,  Chloral 
chloroform). 

Advantages  of  Chloroform. — It  does  not  irritate  the  mucous  mem- 
branes of  the  respiratory  tract,  even  when  higher  concentrations  of  the 
chloroform  and  air  mixture  are  employed.  It  relaxes  muscles  better  than 
ether,  and  in  a  long  narcosis  sleep  can  be  more  certainly  maintained  with 
a  minimum  dose  of  chloroform  than  with  ether. 

of  Chloroform. — 1.  It  is  caustic  when  brought  acci- 
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dentally  in  contact  with  the  skin,  or  dropped  through  carelessness  in  the 
eye  (corneal  ulcers,  panophthalmia). 

2.  Its  use  is  accompanied  by  the  danger  of  sudden  stoppage  of  the 
heart,  of  syncope.     It  lowers  the  blood  pressure. 

3.  It  causes  degenerative  conditions  in  the  internal  organs,  heart, 
liver,  kidneys,  which  may  lead  after  a  few  days  to  death. 

4.  In  presence  of  an  open  flame  (kerosene,  gas)  chloroform  vapor  is 
decomposed  into  different  gases,  very  irritating  to  the  respiratory  organs 
(cough),  and  toxic  when  inhaled  in  greater  quantities  by  the  surgeon, 
the  attendants,  and  the  patient.  Therefore  immediate  entrance  of  fresh 
air  must  be  provided  for. 

Contraindications  of  Ether.— Diseases  of  the  respiratory  organs, 
pneumonia,  bronchitis,  emphysema,  narrowing  of  the  respiratory  canal 
by  tumors  or  inflammations,  operations  near  the  face,  when  red  heat  is 
used.  Ether  is  also  more  dangerous  than  chloroform  in  kidney  diseases 
and  diabetes. 

Anyhow,  ether  narcosis  must  be  considered  the  least  dangerous. 

Indications  and  Contraindications  of  Chloroform. — Indications  for 
the  use  of  chloroform.  In  all  cases  where  ether  narcosis  does  not  lead 
to  results,  and  where  narcosis  is  indicated;  in  operations  lasting  more 
than  an  hour,  in  aneurisms. 

Contraindications.     Diseases  of  the  heart  and  vascular  system. 

Adjuvants  to  Ether  and  Chloroform  Narcosis 

'  Latschen  Oil. — To  decrease  the  secretion  of  the  mucous  membranes, 
Becker  has  proposed  to  add  to  the  ether  J%  of  latschen  oil  (oleum  pini 
pumilionis),  20  drops  to  200  gm.  of  ether.  We  have  derived  the  impres- 
sion from  very  numerous  narcoses  in  which  the  process  was  resorted  to, 
that  it  serves  the  purpose  and  improves  the  smell  of  ether,  quite  un- 
bearable to  many  patients. 

Morphin. — Administration  subcutaneously  one-half  hour  or  three- 
quarters  of  an  hour  before  the  beginning  of  narcosis  of  0.005  gm.  to  0.01 
gm.  of  morphin,  according  to  the  individual  (more  in  drunkards  and 
morphin  habitues) ,  to  all  patients  above  16  years  of  age.  The  excita- 
tion is  thereby  reduced  to  a  minimum,  the  narcosis  is  quieter,  and  the 
amount  of  narcotic  consumed  is  considerably  lower. 

Veronal. — Recently,  it  has  been  recommended  (Strauch)  to  adminis- 
ter 0.5  gm.  to  1.0  gm.  of  veronal,  diethylarbituric  acid.  After  this  the 
I)atients  sleep  much  more  quietly,  the  excitation  subsides  almost  entirely, 
and  agitation  during  the  night  preceding  operation  is  spared  to  the 
I)atient. 

Instruments  for  Ether  and  Chloroform  Narcosis 

SchimmelhuMch '«  Mask.  — We  use  for  both  ether  and  chloroform  nar- 
coflis  SchimmeUmsch' s  mask  (Figs.  18  and  19).  This  mask,  which  is 
easily  taken  apart  and  put  together  again,  is  completely  aseptic.     It  con- 
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sists  of  a  grooved  ring  approximately  adapted  to  the  outline  of  the  face, 
which  receives  on  one  side  the  anesthetizing  fluid  (by  the  drop  method 
described  below)  of  a  handle  that  closes  readily,  of  wire  hoops  easy  to 
lift  and  to  lower  in  place,  and  of  an  elastic  ring.     Between  the  hoops 


Fig.  18. 


Fig.  19. 


and  the  elastic  ring  (Fig.  19)  a  gauze  compress,  cut  to  the  proper  size 
and  folded  4  to  6  times,  is  held  fast 

Very  few  surgeons  still  use  the  old  Juiltard  ether  mask  (Fig.  20), 
which  covers  the  whole  face,  and  is  lined  with  a  fabric  impervious  to 
water  and  to  ether,  and  inside  of  which  a  piece  of  flannel,  presenting 


Fig.  20. 


a  fanlike  disposition,  is  supposed  to  receive  at  one  time  50  to  100  c.c.  of 
ether. 

Drop  Bottle*. — Fig.  21  shows  different  shapes  of  drop  bottles  for 
ether  and  chloroform  narcosis.  These  bottles  must  be  graduated  and 
filled  up  to  the  first  line  at  the  beginning  of  narcosis,  so  that  when  the 
latter  is  complete,  the  amount  of  anesthetic  employed  can  be  promptly 
read. 
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Moath-GagM. — The  mouth-gags  most  commonly  used  are  those  of 
Heister  (Fig.  24),  Roser-Komig  (Fig.  22),  O'Dwyer  (Fig.  23).  To  draw 
the  tongue  forward,  we 
always  use  the  American 
bullet  forceps  (Fig.  29) 
which,  properly  placed, 
bruises  less  and  holds 
more  firmly,  in  our  opin- 
ion, than  all  blunt  and 
flat  instruments  gripping 
underneath  and  above. 
Another  truly  useful  in- 
strument for  pulling  for- 
ward at  the  sanje  time  the 
lowerjawand  the  tongue, 
is  Gutsch's  jaw-holder 
(Fig.  25),  the  upper  arm 
of  which  catches  behind 
the  teeth  of  the  upper 
jaw.  It  carries  for  that 
purpose  a  rubber-covered 
plate.  The  lower  arm 
has  a  ring  with  a  slightly  Fig.  21 

curved  surface,  which  fits 

on  the  lower  jaw.    A  ring  with  small  screws  holds  in  place  the  artic- 
ulated branches.     Of  course  we  also  need  sponge  or  compress  holders. 


Fio.  22.  ~|  nat.  size.  FiG. 

which  hold  the  sponges  or  compresses  used  for  wiping  the  pharynx  so 
fast  that  they  cannot  possibly  get  loose  and  fall  into  its  cavity  (Figs. 
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26  and  27,  after  Korte  and  Sims).  I  have  described  at  the  end  of  this 
chapter  special  appliances  which  allow  of  a  partially  correct  dosage  of 
the  anesthetic,  but  which,  on  account  of  their  bulk,  are  not  suited  for 
use  in  general  practice. 

Preparation  of  Patient. — When  possible,   the  patient  ought  to  be 
thoroughly  examined  a  few  days  previous  to  the  narcosis.    The  examina- 
tion  must  be  particularly  exhaustive  for 
the  mouth,   the  pharynx,  the  respiratory  ^^(^  - 

A" 


tract,    the    lungs,    the    heart,    the    blood- 
vessels, and  the  kidneys  (urine,  albumin. 
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Fig.  26. 


Fig.  27. 


and  sugar).     And  the  antecedent  history  must  be  carefully  looked  into 
for  excessive  use  of  intoxicants  and  tobacco. 

Also,  when  possible,  defective  teeth  ought  to  be  filled  or  extracted, 
and  the  mouth  cleaned  mechanically,  with  the  utmost  care,  with  soft 
brushes  and  with  a  disinfecting  mouth  wash  (thymol) ,  and  rinsed  often 
with  hydrogen  peroxide  (3%).  Catarrh  of  the  respiratory  passages, 
from  the  nose  to  the  lungs,  must  be  treated  adequately.  Next  to  this, 
it  is  highly  desirable  that  the  stomach  and  bowels  be  thoroughly  emp- 
tied. The  morning  hours  are  the  best  for  operating,  because  we  cannot 
very  well  let  the  patient  fast  till  afternoon  or  evening.  Many  surgeons 
let  their  patients,  one  hour  before  the  operation,  enjoy  a  cup  of  hot  tea 
or  coffee,  which  cannot  do  any  harm  when  the  stomach  is  in  good  condi- 
tion, and  acts  as  a  stimulant.  Moreover,  Witzel  advises  giving,  three- 
quarters  of  an  hour  before  the  operation,  a  stimulating  enema  composed 
of  about  50  gm.  brandy,  50  gm.  of  red  wine,  and  6  to  10  drops  of  tincture 
of  opium.  This  amount  must  be  reduced  in  non-alcoholics  (taken  in  the 
strict  sense  of  the  word)  and  in  children.  Riedel  gives,  half  an  hour 
before  operation,  a  glass  of  rich  wine.  If  one  is  compelled  to  operate 
when  the  stomach  is  well  filled,  the  latter  must  be  freely  washed,  but 
this  calls  for  much  caution  when  the  heart  action  is  weak,  because  the 
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disagreeable  procedure  of  stomach  washing  proves  very  exhausting  to 
many  patients. 

When  the  heart  action  is  irregular,  a  preliminary  course  of  treatment 
with  digalen  (others  resort  to  tincture  of  strophantus  and  tincture  of 
digitalis,  aa,  xv  drops  four  times  daily  for  a  few  days  before  the  opera- 
tion), 10  to  15  drops  of  the  0.03%  solution  after  meals  has  met  with  favor. 

This  is,  briefly,  what  ought  to  be  done  before  every  narcosis,  when- 
ever possible. 

The  Anesthetist. — A  young  and  inexperienced  assistant  must  not  be 
entrusted  with  the  direction  of  the  anesthesia.  In  every  case  an  older 
and  more  experienced  physician  must  stand  by  him.  The  anesthetist 
has  the  most  responsible  post  during  the  whole  operation,  and  a  poor  as- 
sistant can  be  utilized  better  in  the  wound  than  if  put  in  charge  of 
the  narcosis.  Yet,  whilst  the  direction  of  the  anesthesia  demands  the 
whole  mental  power  of  the  anesthetist,  he  must  also  be  able  to  follow  the 
progress  and  stage  of  the  operation.  When  possible,  two  helpers  divide 
the  work  of  anesthesia  in  this  way :  One  attends  to  the  head  and  the 
mask,  the  other  studies  the  pulse  and  doses  the  anesthetic. 

Immediately  before  the  operation,  the  anesthetist  must  take  the  full 
name  of  the  patient,  look  into  the  mouth  for  foreign  bodies  (false  teeth, 
candy,  tobacco  quids),  and  note  the  number  and  character  of  the  pulse- 
beats. 

If  the  anesthetist  must  speak  to  his  assistants,  let  him  do  it  loudly. 
Whispering  in  the  course  of  an  operation  disturbs  the  surgeon  unneces- 
sarily. 

Clothing  and  Position  of  Patients  for  Narcosis. — In  many  excitable 
patients  a  dose  of  morphin  has  sometimes  little  or  no  effect.  It  is  then 
advisable  to  begin  the  narcosis  while  the  patient  is  still  in  bed  in  the 
horizontal  position,  and  to  pass  into  the  preparation-room  when  the 
period  of  resolution  is  almost  reached.  The  general  rule,  however,  is  to 
start  the  anesthetic  only  after  the  patient  has  been  thoroughly  prepared 
in  the  preparation-room.  All  constricting  pieces  of  clothing  must  be 
removed.  If  the  nature  of  the  operation  allows  it,  the  patient  may  keep 
on  shirt  and  stockings  (of  course,  fresh  from  the  wash,  or  sterilized). 
The  hair  is  covered  with  a  sterilized  rubber  or  linen  cap  (make  a  mitre 
out  of  a  triangular  cloth).  This  is  particularly  to  be  recommended  in 
cases  of  women  with  long  hair.  Unnecessary  exposure  and  chilling  of 
the  body  must  be  carefully  avoided.  For  this  purpose  the  patient  is 
covered  with  (not  rolled  in)  white,  soft,  flannel  quilts.  Where  a  heating 
table  (with  which  care  must  be  taken  to  avoid  bums)  is  not  at  hand,  the 
patient  is  laid  on  two  water  cushions  filled  with  hot  water  and  covered 
with  a  flannel  cloth.  With  these  precautions,  it  is  not  necessary  to  oper- 
ate in  overheated  rooms  (with  a  temperature  higher  than  18°-20°  C), 
and  fresh  air  can  be  allowed  to  flow  in  freely.  All  disturbance  of  the 
patient,  rattling  of  instruments,  conversation  about  the  operation,  and 
all  such  bad  behavior  is  forbidden. 
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The  position  most  employed  for  general  anesthesia  is  the  horizontal, 
with  a  very  flat  pillow  under  the  back  of  the  head.  The  anesthetist's 
helper  stands  or  sits  near  the  head,  the  anesthetist  himself  at  the  side  of 
the  patient.  The  head  of  the  latter  is  turned  on  the  side  so  that  the 
sagittal  plane  of  the  head  is  just  about  parallel  with  the  table.  In  that 
position  the  saliva  and  the  mucus  flow  into  the  hollow  of  the  cheek,  and 
can  escape  when  from  time  to  time  the  corresponding  angle  of  the  mouth 
is  drawn  back  and  opened. 

Witzel  anesthetizes  with  the  head  strongly  inclined  down,  so  that 
the  plane  of  the  face  falls  perpendicularly  to  the  table.  Thereby  saliva 
and  mucus  flow  down  by  themselves  through  the  mouth  and  the  nose, 
where  they  can  be  wiped  off,  and  there  is  no  danger  of  the  base  of  the 
tongue  falling  back.  Let  us  always  keep  in  mind  post-anesthetic  palsies, 
which  may  be  produced  by  the  bruising  of  the  radial  nerve  in  the  arm 
on  the  edge  of  the  table,  or  by  the  brachial  plexus  being  pressed  upon  by 
the  head  of  the  humerus,  or  pinched  between  the  collar-bone  and  the 
first  rib  when  the  arms  are  strongly  drawn  backward  and  upward. 

On  a  small  table,  well  within  reach  of  hand,  near  the  anesthetist,  are 
the  following  instruments  and  drugs  arranged  in  good  order: 

I.  a.  Mask;  6,  Chloroform;  c.  Ether;  d.  Mouth-gag  (Roser-Koenig's 
or  Heister^s) ;  e,  Tongue  forceps;  /,  Sponges,  sterile  and  moistened  and 
mounted  on  forceps;  g,  when  needed,  sl  jaw-holder  (Gutsch's). 

II.  a,  Pravaz's  syringe  in  good  working  order;  6,  10%  camphorated 
oil ;  c,  tincture  of  nux  vomica  (dose  one-half  to  one  syringe) ;  rf,  a  mix- 
ture of  two  parts  of  good  French  brandy  and  of  one  part  of  water  for 
subcutaneous  injections,  and  a  larger  injection  syringe  near  by;  e,  a 
tracheotomy  outfit;  /,  eventually,  an  apparatus  for  faradizing  the  phrenic 
nerve;  g,  some  digalen  (the  commercial  preparation). 

Within  easy  reach  in  the  operating-room  we  must  still  have : 

III.  a,  A  two-litre  container  with  a  0.8%  solution  of  salt  for  subcu- 
taneous and  intravenous  injection,  with  the  accompanying  rubber  tube ; 
a  needle  for  subcutaneous  injection,  a  glass  cannula  for  intravenous 
injections;  6,  a  short  rubber  bandage,  woven  over  with  silk  or  cotton;  c, 
instruments  for  a  venesection ;  d,  a  compressed  oxygen  cylinder. 

These  instruments,  all  in  perfect  working  order,  ought  never  to  be 
missed  in  a  narcosis. 

Ether  Narcosis 

For  those  who  do  not  possess  the  Braun  or  the  Roth-Draeger  oxygen- 
chloroform-ether  apparatus,  I  recommend  the  drop  method.  (The  suffo- 
cation method,  with  large  masks  covering  the  whole  face,  around  which 
a  handkerchief  is  wrapped,  cuts  off  the  air  too  much,  and  the  patient  is 
smothered  with  ether  and  carbonic  gas.  Fortunately  it  is  no  longer 
employed).  The  same  masks,  not  lined  with  impervious  material,  may 
be  used  for  ether  or  chloroform  alike. 

In  really  short  operations,  etherization  after  Svdek's  method,  the  ether 
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intoxication,  is  an  ideal  procedure,  absolutely  devoid  of  danger;  which 
when  properly  carried  out,  prevents  almost  entirely  all  irritating  cough, 
all  feeling  of  anxiety  and  choking.  Before  the  anesthesia  the  patient 
is  warned  that  he  will  feel  contacts,  but  no  pain.  Then  the  mask  is 
placed  on,  but  without  ether.  The  patient  is  asked  to  breathe  deeply. 
A  drop  of  ether  is  dropped  on  the  mask ;  then,  after  a  few  inspirations, 
another  drop,  which  is  followed  by  a  drop  at  each  inspiration.  Finally, 
the  drops  are  given  in  quicker  succession  when  the  tolerance  of  the  res- 
piratory organs  for  ether  becomes  greater.  In  order  to  know  when  anal- 
gesia is  reached,  the  sensibility  is  tested  with  the  knob  needle.  As  soon 
as  the  patient  is  unable  to  distinguish  the  point  from  the  blunt  end,  or 
calls  energetically  ''point"  at  every  contact,  the  analgetic  stage  has  been 
reached.  The  operation  must  then  be  performed  very  quickly,  as  an 
algetic  condition  is  likely  to  rapidly  return.  The  patients  often  yell  dur- 
ing the  operation,  but  on  awakening  do  not  remember  any  pain,  and 
therefore  have  had  no  perception  of  it.  Such  an  ether  "intoxication" 
has  seldom  any  after-effects. 

Deep  ether  narcosis  is  also  conveniently  started  in  the  same  way. 
When  morphin  has  previously  been  given  in  a  sufficient  dose,  the  second 
stage,  the  excitation  stage,  is  reduced  to  a  minimum.  This  stage  follows 
the  first  stage  of  sleep. 

In  the  excitation  stage  the  patient  executes  movements  of  defence, 
which  are  sometimes  very  powerful.  In  order  to  prevent  him  from  hurt- 
ing himself,  he  must  then  be  held  in  place  firmly,  but  not  spasmodically 
or  with  great  violence,  as  this  would  only  incite  him  to  more  energetic 
efforts,  but  so  that  his  body  cannot  strike  any  object  To  this  effect  it  is 
best  to  seize  the  hands  in  the  region  of  the  wrist  with  the  thumb  and 
middle  finger,  and  to  push  down  the  legs  gently  with  the  flat  surface  of 
the  forearm  placed  above  the  knees ;  if,  eventually,  a  stronger  pressure 
must  be  exerted,  the  fingers  should  grasp  the  corresponding  edge  of  the 
table.  Many  authors  recommend  placing  a  large  strap  above  the  knees, 
which  is  buckled  loosely  under  the  table,  similar  to  the  blanket  strap  of 
a  horse.  During  the  excitation  stage  ether  is  continuously  administered, 
so  as  to  reach  the  third  stage,  that  of  profound  sleep,  the  stage  of 
toleration. 

S3rmptoms  of  the  Toleration  Stage 

In  this  stage  the  breathing  is  deep,  the  pulse  is  generally  very  strong 
and  a  little  slower  than  previous  to  the  beginning  of  narcosis,  especially 
in  nervous  patients.    The  face  is  slightly  flushed  and  often  cyanotic. 

The  corneal  and  conjunctival  reflex  (closing  of  the  eyelids  when  the 
cornea  or  conjunctiva  are  touched  with  the  finger-tip)  is  lost.  This  test- 
ing of  the  corneal  reflex  requires  great  care,  because  the  cornea  is  very 
vulnerable  and  easily  injured.  It  is  better  to  test  the  pupillary  reflex. 
This  is  done  by  opening  the  palpebral  slit  and  drawing  upward  the  upper 
lid  after  first  closing  the  eye  firmly.    If  the  pupil  remains  moderately 
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narrow,  or  if  it  becomes  just  a  trifle  narrower,  the  general  toleration 
stage  has  been  reached.  This  stage  in  which  the  muscles,  as  a  rule, 
are  relaxed,  must  be  maintained,  and  for  this  purpose  the  number  of 
drops  of  ether  may  now  be  reduced  to  one-half  of  the  former  number. 
However,  there  are  individual  differences,  and  it  is  hard  to  put  down 
rules  that  would  hold  good  for  all  cases.  Here  the  superiority  of  the 
experienced  over  the  inexperienced  anesthetist  comes  to  the  fore. 

The  essential  points  to  which  the  anesthetist  must  pay  further  atten- 
tion are: 

1.  That  the  pulse  does  not  become  quicker  and  weaker. 

2.  That  the  breathing  remains  deep  and  regular. 

3.  That  the  pupillary,  corneal,  and  conjunctival  reflexes  do  not 
reappear. 

Shortly  before  the  completion  of  the  operation,  the  administration  of 
ether  is  discontinued,  and  it  is  then  a  very  good  practice  to  let  the  patient 
inhale  for  awhile  pure  oxygen. 

Now  comes  the  stage  of  awakening  in  which  vomiting  is  very  fre- 
quent. The  head  should  still  be  kept  low  (this  also  does  away  with  the 
danger  of  brain  anemia)  and  the  patient  should  be  placed  under  medical 
observation  in  a  well- ventilated  room.  As  ether  can  be  still  detected  in 
the  expiration  for  a  long  time,  its  quicker  elimination  should  be  favored 
by  deep  breathing  and  free  admittance  of  fresh  air.  Witzel  makes  his 
patients  practise  respiratory  gymnastics  after  awakening;  and  every  half 
hour  they  must  draw,  10  or  20  times  in  succession,  the  deepest  possible 
breathing.  As  long  as  a  tendency  to  vomiting  persists,  nothing  per  os 
may  be  allowed.  In  order  to  allay  the  intense  sensation  of  thirst,  small 
pieces  of  ice  may  be  placed  in  the  mouth,  to  be  spit  out  again  soon  after. 
The  tongue  may  be  moistened  with  glycerinated  water,  or  eventually  a 
salt-solution  enema  may  be  given.  Only  in  the  evening,  when  neces- 
sary, fluids,  tea  or  coffee,  may  be  administered,  either  by  the  teaspoonful 
or  in  drops  with  a  pipette.  Many  advise  to  give  simply  hot  water,  and  I 
consider  this  practice  very  rational.  I  know  from  the  experience  of  moun- 
tain guides  that,  after  great  physical  efforts  and  heavy  losses  of  water, 
hot  water,  in  mouthfuls,  quenches  the  thirst  much  better  and  more  dura- 
bly than  cold  water,  and  is  more  beneficial  to  the  stomach. 

As  a  general  rule,  2  or  3  gr.  of  ether  per  minute  ought  to  be  the  dose 
in  short  narcoses,  and  1.5  to  2  gm.  in  longer  cases. 

But  if,  with  ether  alone,  one  cannot  obtain  a  good  toleration  stage, 
then  a  few  drops  of  chloroform  (20-30)  must  be  given  during  or  shortly 
after  the  excitation  period,  provided,  of  course,  the  pulse  does  not  con- 
traindicate  it.  In  this  way  a  large  amount  of  ether  is  saved  and  the  aim 
is  reached  quicker. 

I  find  in  WitzeVs  practice  a  noteworthy  method  for  obtaining  deep 
breathing  from  the  beginning  of  narcosis.  It  is  an  old  trick,  in  order  to 
compel  patients  to  open  the  mouth  and  breathe  regularly,  to  make  them 
count  slowly  from  1  up.    When  the  patient  begins  to  count  more  slowly 
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or  quickly,  or  makes  mistakes,  it  indicates  the  fading  of  consciousness. 
Witzel,  after  the  recommendation  of  his  assistant,  Hoffmann,  makes  the 
patient  count  from  two  hundred  backward — one  hundred  and  ninety-nine, 
one  hundred  and  ninety-eight,  and  so  forth.  With  those  long  numbers, 
the  patient  is  compelled,  before  calling  each  one,  to  take  a  long  breath, 
and  has  less  tendency  to  spin  out  the'numbers  in  quick  succession,  because 
he  must  think.  Seldom  does  a  patient  come  down  to  one  hundred,  and 
the  majority  lose  consciousness  around  one  hundred  and  fifty.  This 
method  has  always  given  good  results  in  my  hands. 

Chloroform  Narcosis 

Here,  also,  as  with  ether,  we  begin  with  slow  drops,  and  go,  little  by 
little,  up  to  about  30  drops  per  minute.  The  successive  stages  are  the 
same  as  with  ether.  The  pulse  and  respiration  alone  show  notable  differ- 
ences. The  excitation  in  most  cases  is  still  less  than  with  ether,  espe- 
cially if  morphin  has  been  previously  given.  In  the  toleration  stage  the 
breathing  is  accelerated ;  but  simultaneously,  automatically,  the  pulse  be- 
comes quicker  and  smaller.  The  muscles  are  thoroughly  relaxed,  the 
pupils  are  narrow  and  do  not  react,  the  corneal  reflex  is  lost,  the  face  is 
pale.  The  narcosis  must  be  kept  up  in  that  stage  by  giving  very  small 
doses  of  chloroform,  and  by  always  holding  the  mask  over  the  face,  thus 
making  the  patient  reinhale  part  of  the  exhaled  chloroform  vapor  (this 
is  often  sufficient  to  maintain  the  narcosis  for  a  long  time,  so  that  it  is 
hardly  necessary  to  give  any  new  chloroform).  Here,  also,  there  are 
individual  differences  in  the  amount  to  be  given,  and  the  condition  of 
the  patient  and  of  the  narcosis  must  be  the  guide.  As  a  general  rule, 
more  than  half  a  gramme  of  chloroform  per  minute  of  anesthesia  will 
seldom  be  required. 

The  after-treatment  of  chloroform  narcosis  is  the  same  as  that 
described  briefly  above  for  ether. 

Disturbances  During  Narcosis  and  their  Prevention 
a.  Disturbances  Affecting  the  Digestive  Organs 

These  are  reflex,  and  of  cerebral  or  bulbar  origin. 

Vomiting.— A  forewarning  of  this  is  a  sudden  dilatation  of  the  pupil, 
the  latter  still  reacting  to  light,  however.  More  ether  or  chloroform 
must  be  given.  Even  when  retching  has  already  set  in,  vomiting  may 
often  still  be  cut  short  by  a  quick  administration  of  the  anesthetic.  If 
vomiting  occurs  (after  proper  preparation,  the  vomit  contains  only 
stomach  mucus  and  bile  and  swallowed  saliva,  and  therefore  is  never 
very  copious),  the  head  is  turned  to  one  side,  if  it  was  not  already  in 
that  position,  and  the  comer  of  the  mouth  is  opened.  Eventually,  the 
pharynx  is  wiped  with  a  sponge  held  with  a  forceps.  To  do  this,  it  is 
not  absolutely  necessary  to  open  the  mouth  with  the  mouth-gag  and  to 
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draw  the  tongue  forward,  but  one  must  take  care  that  the  tongue  does 
not  get  squeezed  in  and  bitten  between  the  teeth.  Let  the  sponge  be 
introduced  deeply  in  the  throat  (but  it  must  be  ascertained  that  the 
sponge  is  moistened,  that  it  is  held  firmly  in  the  sponge-holder,  that  two 
sponges  are  not  fastened  there  together,  and  that  the  metallic  end  of  the 
holder  is  well  covered  by  the  sponge.  I  have  seen  the  slipping  of  a 
sponge  require  a  digital  removal  of  the  latter  and  a  tracheotomy  on 
account  of  persistent  asphyxia;  and  even  after  the  narcosis  another 
fragment  of  sponge  was  ejected)  so  that  its  position  may  be  recog- 
nized from  the  outside  by  the  motions  of  the  larynx.  Turn  the  sponge 
around  a  few  times  and  withdraw  it.  The  vomited  matter  that  comes 
into  the  mouth  will  flow  away  spontaneously. 

b.  Disturbances  Arisii^  From  the  Respiratory  Ot^;ans 
Primary  atopping  of  reapiTation  (respiration  stops,  but  the  heart 
keeps  on  beating.  The  pupils  are  moderately  shrunk,  the  face  is  some- 
what cyanotic.  This  often  occurs  early  in  narcosis)  is  observed  when 
ether  is  given  in  large  quantities,  but  also  when  too  much  chloroform 
has  been  used,  when  narcosis  has  been  pushed  too  far,  or  following 
paralysis  of  the  respiratory  centre.  Artificial  respiration,  as  described 
below,  must  be  immediately  started. 

The  respiration  becomew  auperficial  and  irregular;  too  much 
chloroform  or  ether  has  been  given.  No  more  anesthetic  for  some  time. 
Let  the  patient  inhale  some  fresh  air. 

The  respiration  u  jerky  or  convuUive,  and  is  carried  on  by  the  acces- 
sory respiratory  muscles,  tiie  face  is  cyanotic,  the  blood  dark.    We  have 

to  deal  with  an  obstacle 
to  the  entrance  of  air, 
generally  caused  by  a 
falling  backward  of  the 
base  of  the  tongue  and 
the  epiglottis,  with  par- 
tial occlusion  of  the  up- 
per orifice  of  the  larynx. 
The  tongue  must  be 
brought  forward.  This 
is  best  done  by  lifting 
the  lower  jaw  with  the 
hand,  according  to 
Eamarch-Herber'a  tech- 
nique (Fig.  28).  The 
middle  and  fourth  fingers  of  each  hand  are  placed  on  each  side  behind 
the  angle  of  the  jaw,  the  index  finger  on  the  outer  side  of  the  jaw,  the 
thumbs  on  the  forehead  {exceptionally,  when  greater  strength  is  desired, 
on  the  fossa  canina  of  the  upper  jaw),  so  as  to  push  the  jaw  forward. 
When  the  disposition  of  tiie  teeth  is  normal,  the  two  rows  do  not  hook 
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together;  but  when  defective,  one  must  often  first  pull  the  teeth  J  to  1 
cm.  apart  before  pulling  the  lower  jaw  forward.  If  the  teeth  of  the 
lower  jaw  come  1  cm.  in  front  of  those  of  the  upper,  the  maximum  has 
been  reached  and  the  jaw  can  be  maintained  in  that  position  with  only 
one  hand.  The  finger-tips  ought  not  to  be  sunk  too  deep  behind  the 
angle  of  the  lower  jaw,  because  of  a  possible  pressure  thus  exerted  on 
the  carotid,  the  jugular  vein,  and  the  vagus  nerve.  By  this  "grip"  the 
fallen  tongue  is  drawn  forward,  and  the  epiglottis  lying  on  the  entrance 
of  the  larynx  is  lifted  upward.  The  latter  result  is  also  obtained  by  in- 
troducing one  finger  behind  the  epiglottis  (v.  Bergmann'm  "grip"),  and 
at  the  same  time  freeing  the  pharynx  from  any  foreign  body  which  may 
eventually  have  fallen  into  its  cavity.  To  pull  forward  the  lower  jaw, 
GutecA's  jaw-holder,  above  described  (Fig.  24),  is  also  handy. 

If  the  breathing  does  not  yet  become  free,  then  .the  mouth  must  be 
opened  with  the  mouth-gag  and  the  tongue  drawn  forward  (Fig.  29). 
The  latter  must  never  be  done  with- 
out the  former.  As  a  general  rule, 
we  do  not  place  the  mouth-gags 
(Figs.  22  to  24)  behind,  but  between, 
liie  last  teeth,  where  they  hold 
better,  especially  when  the  branches 
of  the  instrument,  as  is  the  case 
with  Roser-Koenig^s,  are  provided 
with  soft  lead  plates,  in  which  the 
teeth  bite  slightly.  This  prevents 
slipping,  as  also  do  the  peri)endicu- 
lar  corrugations  of  Heister'a  in- 
strument, and  the  wall-like  raised 
border  of  the  O'Dwyer  model.  In 
case  of  bad  or  loose  teeth,  it  is  bet- 
ter in  all  respects  to  place  the 
branches  of  the  instrument  be- 
hind the  last  molars.  As  a  rule,  we  use  the  Roser-Koenig  instrument 
in  the  position  figured  here  (Fig.  29),  the  bayonet  piece  being  directed 
backward.  Thus  the  comer  of  the  mouth  is  strongly  pushed  backward 
(see  when  the  instrument  is  introduced  that  the  lips  are  not  pinched), 
secretions  flow  out  more  easily,  and  the  tongue  drawn  forward  hangs  out 
laterally,  resting  on  the  comer  of  the  mouth.  Do  not  grasp  merely  the 
tip  of  the  tongue  with  the  American  bullet  forceps,  because  said  tip 
tears  easily,  and  the  epiglottis  would  be  lifted  up  only  partially.  It  is 
preferable  to  lay  the  tongue  forceps  flat  on  the  base  of  the  tongue  in  the 
region  of  the  papillae  circum valla tae,  and  to  seize  there  a  thick  longitudi- 
nal fold,  consisting  of  both  muscles  and  mucosa.  Then  tearing  of  the 
tongue,  even  by  strong  pulling,  need  not  be  feared.  Mouth-gag  and 
tongue  forceps  are  left  in  place  for  awhile,  till  the  respiration  becomes 
entirely  normal  again. 
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The  accumulation  of  saliva  and  of  alimentary  residue  in  the  larynx 
(tracheal  r^les,  froth  at  the  mouth)  as  an  obstacle  to  breathing,  and  the 
steps  to  be  taken  for  their  removal  have  already  been  considered. 

If  the  respiration  does  not  now  become  free,  tracheotomy  must  be 
performed. 

Simultaneously  with  these  measures,  artificial  respiration  must  be 
begun.    We  mention  the  following  methods  : 

Howard^s  method.  The  physician  carrying  out  artificial  respiration 
places  himself  near  the  side  of  the  patient,  his  face  turned  either  toward 
the  head  or  toward  the  feet,  as  the  nature  of  the  operation  may  require. 
The  hands,  with  the  thumbs  applied  on  the  median  line  at  the  base  of 
the  ensiform  cartilage,  are  laid  flat  over  the  lateral  part  of  the  thorax,  the 
arms  of  the  operator  being  kept  close  to  his  own  body  and  the  elbows 
bent  at  a  right  angle.  The  operator  now  lets  the  weight  of  the  upper 
part  of  his  body  act  on  the  thorax  of  the  patient  until  no  more  air  escapes 
(expiration),  then  straightens  up  suddenly,  and  leaves  the  inspiration 
to  the  elastic  strength  of  the  thorax  springing  back  to  its  former  capac- 
ity. Inspiration  must  follow  with  an  audible  suckinglike  or  whistling 
noise.  The  same  procedure  is  repeated  20  or  30  times  a  minute,  until 
the  patient  breathes  again  spontaneously. 

Silvester's  method.  The  arms  of  the  patient  are  grasped  simultane- 
ously at  the  elbow  by  the  physician  standing  at  the  head  of  the  patient, 
so  that  the  forearms  are  at  right  angles  with  the  arm  and  cannot  dangle 
at  will;  and,  thus  bent,  are  brought  backward  and  upward  in  the  sagittal 
plane  {Brosch  seizes  the  inner  surface  of  the  arms  laid  upon  the  thorax, 
and  brings  them  backward  and  upward  in  a  frontal  plane,  to  again  press 
them  vigorously  downward).  Inspiration — The  arms  are  then  brought 
down  in  a  similar  way,  and  pressed  against  the  lateral  walls  of  the  chest, 
as  in  Howard's  technique,  to  provoke  expiration.  This  method  is  more 
efficient;  it  can  be  carried  out  by  two  assistants,  each  handling  an  arm 
and  keeping  time  by  counting  aloud. 

SchilUer's  method.  The  physician  stands  near  the  head  or  the  side 
of  the  patient,  looking  toward  the  feet  of  the  latter,  and  hooks  the  costal 
arch  on  each'  side,  with  the  hand  folded  like  a  claw,  draws  it  vigorously 
upward  (inspiration)  and  next  presses  downward,  as  in  Howard's 
method. 

Koenig-Maas' s  method.  This  comes  last,  but  not  least.  As  it  pro- 
duces at  the  same  time  a  massage  of  the  heart,  it  frequently  proves  par- 
ticularly efficacious.  The  physician  places  himself  to  the  left  side  of  the 
patient  and  exerts,  with  the  hand  extended  flat  and  in  extreme  dorsal 
position,  rhythmical  pressures  (60  to  70  per  minute)  on  the  precordial 
region.  To  effect  this,  the  finger-tips  remain  on  the  thorax,  while  the 
thumb,  the  little  finger,  and  the  palm  are  lifted  up.  Although  the  res- 
piration is  comparatively  but  little  influenced,  the  action  on  the  heart  is 
often  very  marked. 

In  all  these  methods  the  body  lies  in  a  horizontal  position,  the  upper 
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part  a  little  lower,  while  the  knees  are  raised  with  pads  placed  under 
them,  so  as  to  relax  the  abdominal  musculature;  the  mouth  is  opened 
with  the  mouth-gag,  the  tongue  seized  and  brought  forward. 

In  order  to  obtain  vigorous  contractions  of  the  diaphragm,  faradic 
excitation  of  the  phrenic  nerve  may  be  resorted  to.  One  of  the  poles  is 
placed  on  the  sternum,  the  other  on  the  posterior  border  of  the  stemo- 
cleido-mastoid  muscle  on  a  level  with  the  larynx,  and  pressed  deeply  on 
the  soft  parts,  and  a  strong  current  is  sent  through  rhythmically.  The 
amount  of  air  called  in  by  this  method  is  very  great. 

c.  Disturbances  Arising  from  the  Heart 

Primary  stopping  of  the  heart,  which  is  betrayed  either  by  a 
bad  quality  of  the  pulse  or  by  difficult  breathing,  the  so-called  heart  syn- 
cope, is  the  worst  accident  of  chloroform  narcosis,  occurring  sometimes 
absolutely  at  the  beginning  of  narcosis  on  account  of  a  too  high  concen- 
tration of  the  chloroform-air  mixture,  or  also  caused  by  the  heart-para- 
lyzing fear  of  the  patient,  or  by  too  early  a  beginning  of  the  operation 
(sympathetic  irritation). 

It  is  recognized  by  a  momentary  stopping  of  the  pulse  and  breathing, 
a  sudden  widening  and  loss  of  reaction  of  the  pupils,  and  a  waxlike 
pallor  of  the  face. 

Immediately  remove  the  chloroform,  start  artificial  respiration,  keep 
it  up  for  one  and  a  half  hours,  massage  the  heart,  from  the  abdomen 
through  the  diaphragm  in  cases  of  laparotomies  already  begun,  eventually 
even  directly  after  exposure  of  the  heart,  injections  of  strychnin,  cam- 
phor oil,  tracheotomy.  Yet  all  that  will  but  seldom  prevent  a  fatality, 
as  the  patient  is  generally  dead  from  the  beginning. 

A  bad  pulse,  a  superficial  respiration,  and  the  consequent  irregularly 
pale  and  cyanotic  color  of  the  face,  narrow  pupils  becoming  wide  and 
reactionless  herald  in  the  secondary  stopping  of  the  heart,  due  to  a 
relative  overdose  of  chloroform,  inasmuch  as  here  chloroform  and 
excess  of  carbonic  acid  in  the  blood  through  hindered  respiration 
cooperate.  Treatment:  Stop  giving  chloroform.  Give  stimulants,  arti- 
ficial respiration,  massage  of  the  heart.  By  timely  interference  there 
is  always  a  chance  of  successfully  combating  this  also  very  grave 
accident. 

Progressive  deterioration  of  the  heart  action,  the  breathing  remain- 
ing free,  results  from  the  paralyzing  action  of  chloroform  on  the  heart, 
and  from  loss  of  blood.  Treatment:  Massage  of  the  heart,  injection  of 
several  syringes  of  camphor  oil,  during  which  great  care  must  be  taken 
that  the  point  of  the  needle  does  not  enter  a  bloodvessel  of  the  skin 
on  account  of  the  danger  of  embolism.  {Lesser* s  process:  Insert  the 
needle  without  the  syringe  in  the  subcutaneous  tissue  of  the  forearm; 
or,  still  better,  of  the  outer  side  of  the  thigh.  Wait  to  see  if  any  blood 
comes  through  the  needle;  if  not,  adjust  the  syringe  and  inject.)  Injec- 
tions of  brandy  (Poncet) ,  2  to  4  gm.  of  the  above  described  mixture  sev- 
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eral  times  on  the  outer  side  of  the  thi^h,  intravenous  injection  of  digalen 
(1  to  5  C.C  of  the  commercial  solution  0.0003  to  0.0015). 

In  case  of  copious  loss  of  blood,  introduction  of  salt  solution  in  the 
rectum  or  injection  of  the  same  under  the  skin  or  into  a  vein. 

Sabcataneoaw  Injection  of  Salt  Solution. — Fig.  30  shows  a  simple 
apparatus  for  the  injection  of  sterile  saline  solutions,  consisting  of  a 
graduated  glass  bottle  K,  of  about  2 
litres  capacity,  with  a  wide  neck 
closed  by  a  rubber  stopper  traversed 
by  three  holes.  Through  the  stopper 
pass  the  short  tube  L,  containing  a 
sterile  filter  of  cotton;  the  ther- 
mometer T  and  the  siphon  tube, 
which  goes  down  to  the  bottom  of 
the  bottle,  and  carries  a  rubber 
tube,  about  1.5  metres  long,  and  a 
needle.  To  the  tubing  is  attached 
a  small  and  powerful  rubber  bulb 
■  with  which  it  is  easy  to  propel  the 
liquid  into  the  siphon  tube  and  in 
the  needle.  The  temperature  of  the 
salt  solution  ought  to  be  a  few  de- 
grees higher  than  that  of  the  body, 
because  the  fluid  cools  perceptibly 
on  its  way  from  the  glass  container 
to  the  patient.  The  saline  (sterile) 
is  introduced  into  the  apparatus  (itself  sterilized  by  steam  either  free 
or  under  pressure;  the  rubber  tube  and  the  needle  are  boiled  in  the 
instrument  sterilizer),  and  is  brought  to  the  proper  temperature  by  plac- 
ing the  bottle  in  hot  or 
cold  water.  As  sites 
for  the  injection,  we 
select  the  skin  of  the 
breast,  the  abdomen, 
or  the  outer  aspect  of 
the  thighs.  The  needle 
is  pushed  into  the  sub- 
cutaneous tissue  after 
careful  disinfection  of 
the  skin,  and  the  fluid 
is  allowed  to  run  in 
slowly  under  a  pressure 

of  three  to  five  feet  (in  adults  J  to  1  litre  is  given  at  once),  and  diffused 
in  the  vicinity  by  gentle  massage.  With  this  technique,  the  injection  is 
absolutely  painless,  which  is  not  always  the  case  when  the  injection 
is  given  with  the  syringe.     Of  course,  an  apparatus  for  saline  infusion 
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may  be  easily  improvised  with  a  needle,  a  rubber  tube,  and  a  large  glass 
funnel.  Also,  any  irrigator  susceptible  of  being  sterilized,  can  be  readily 
adapted  for  the  purpose. 

Intravenoaa  Salt  Infunon. — (Same  apparatus  as  for  the  subcutane- 
ous injection;  and,  besides,  the  syringe  figured  in  Pig.  13,  on  page  23, 
with  the  cannula  (Fig.  34)  represented  below.) 

As  blood  channel  for  the  infusion,  the  median  cephaHc  or  median 
basilic  veins  at  the 
elbow  are  the  best  to 
choose.  Roll  a  wo- 
ven rubber  bandage 
around  the  middle 
portion  of  the  arm, 
so  that  as  a  result  of  Fig.  S2. 

the    marked     venous 

stasis  the  veins  become  very  prominent  (the  pulse  remaining  percept- 
ible). Disinfect  carefully  the  skin.  Drive  a  not  too  thin  needle  obliquely 
tnrough  the  skin  and  venous  walls  in  the  manner  illustrated  in  Figs.  31 
and  32.  The  escape  of  blood  from  the  needle  shows  that  the  point  is  in  the 
lumen.  Adjust  immediately 
the  tube  from  which  during 
this  manipulation  the  salt  so- 
lution is  already  allowed  to 
flow,  and  let  slowly  run  in 
1,000  to  1,500  C.C.,  under  the 
control  of  the  pulse,  after  re- 
moval of  the  circular  band. 
The  needle  must  be  firmly 
held  in  place.  When  through 
with  the  infusion,  withdraw 
the  needle  (the  slit  in  the  venous  wall  shrinks  spontaneously,  as  sketched 
in  Fig.  32.     The  patency  is  not  affected).     Apply  a  lightly  compressive 
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Or:  Insert  a  glass  cannula  {Bier  prefers  a  metal  cannula)  in  one  of 
these  veins  (Figs.  33  and  34).  The  vein 
is  exposed  through  a  short  skin  incision, 
denuded  on  a  length  of  1.5  or  2  cm.  Two 
fine  silk  threads  are  passed  around  it,  and 
the  distal  thread  is  tied  but  left  long  (lon- 
gitudinal incision  in  the  wall  of  the  vein). 
Through  simple  traction  on  the  proximal 
thread,  the  bleeding  is  easily  checked.  Fix 
the  edges  of  the  venous  wound  with  a  fine  ophthalmic  forceps,  and  insert 
the  glass  cannula  (sloping  somewhat  forward,  and  showing  a  bulblike 
thickening),  which  has  been  previously  attached  to  the  rubber  tube, 
and  out  of  which  the  saline  solution  is  allowed  slowly  to  drop  so  as  to 
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exclude  the  air;  temporary  tying  of  the  proximal  ligature  behind  the 
bulb-shaped  swelling  of  the  cannula;  injection  of  the  necessary  quantity 
of  salt  solution,  withdrawing  of  the  cannula;  permanent  ligation  of  the 
proximal  thread;  closure  of  the  skin  wound  with  a  few  fine  sutures; 
small  dressing  with  zinc  oxid    plaster. 

d.  Later  Dangers  of  Narcosis 

Ether  Bronchitis  and  Ether  Pneumonia. — To  avoid  both,  the  afore- 
mentioned respiratory  exercises  are  recommended,  but  particularly  let- 
ting the  patient  get  early  out  of  bed,  or  at  least  assimie  in  bed  a  sitting 
posture. 

Cases  of  delayed  death  after  chloroform  narcosis  are  more  frequently 
seen  in  anemic  individuals  presenting  the  so-called  lymphatic  constitu- 
tion and  incipient  degenerative  conditions  of  the  heart  muscle  and  of  the 
intima  of  bloodvessels  (disseminated  fatty  changes),  liver,  and  kidneys. 
In  such  cases  a  granular  and  fatty  degeneration  is  found.  They  are  rec- 
ognized by  the  fact  that,  after  narcosis,  without  apparent  cause,  the 
patient  shows  no  improvement,  but  sinks  lower  and  lower.  The  pulse 
becomes  steadily  weaker.  To  combat  these  symptoms  all  means  aiming 
at  strengthening  the  heart  should  be  employed. 

Uncontrollable  vomiting  through  arteriomesenteric  occlusion  at  the 
duodenojejunal  junction.  Without  entering  into  the  disputed  question 
of  the  role  played  by  the  superior  mesenteric  artery  in  the  genesis  of 
this  affection,  I  shall  only  mention  briefly  the  symptoms  of  that  compli- 
cation, which  is  by  no  means  rare  after  operations  under  general  anes- 
thesia. Vomiting  does  not  stop,  but,  on  the  contrary,  increases.  The 
stomach  is  dilated,  the  gastric  region  distended  and  painful.  All  other 
symptoms  of  peritonitis,  especially  intestinal  meteorism,  are  lacking. 
The  vomitus  is  copious,  bilious,  thin,  and  contains  sometimes  dark- 
colored  blood.  We  have  there  principally  the  symptoms  of  a  high  intes- 
tinal obstruction.  From  the  standpoint  of  differential  diagnosis,  acute 
pancreatic  conditions  must  be  considered  first  (bleeding,  etc.);  but,  in 
addition  to  some  of  the  above-mentioned  symptoms,  we  find,  ordinarily, 
jaundice,  violent  pains  in  the  upper  abdominal  region,  and  absence  of 
pancreatic  secretion  in  the  vomitus.  In  such  cases,  and,  generally  speak- 
ing, in  all  cases  of  severe  vomiting  after  narcosis,  the  feeding  per  os 
must  be  replaced  for  awhile  by  rectal  feeding  and  salt  infusions.  The 
stomach  must  be  carefully  washed  out  and  completely  emptied;  and  by 
changing  the  position  of  the  patient,  the  dilated  stomach  must  be  pre- 
vented from  pressing  on  the  small  intestine,  and  putting  on  the  stretch 
the  superior  mesenteric  artery;  the  abdominal,  and  eventually  the  knee- 
chest  position  (for  short  periods)  may  be  chosen.  For  the  prophylaxis 
of  these  accidents,  patients  having  dilated  stomachs  must  have  them 
emptied  thoroughly  before  any  operation. 
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Special  Apparatus  for  Narcosis 

Junker,  Braun,  Roth-Draeger  have  constructed  apparatus  which  pre- 
vent too  high  a  concentration  of  the  ether-  (or  chloroform-)  air  mixture, 
and  allow  of  a  dosage  of  the  latter. 

Junker's  apparatus  (Fig.  35)  is  suitable  only  for  chloroform  narcosis. 
It  consists  of  a  narrow  graduated  container,  A,  which  is  only  filled  up 
half  with  chloroform,  and  of  a  cap  provided  with  two  small  metallic 
tubes.  One  of  these  tubes  is  connected  with  a  rubber  blowing  bulb  and 
the  other  with  a  mask  adapted  to  the  shape  of  the  face.  When  the  rub- 
ber bulb  is  worked,  the  air  carries  away  a  larger  or  smaller  amount  of 
chloroform  vapor,  according  to  the  degree  of  pressure.  We  use  Junker's 
apparatus  particularly  for  operations  on  the  head.     In  this  case  a  cathe- 
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Fig.  36. — Modifled  Junker's  Narcosis  Apparatus. 

ter  perforated  centrally  on  its  tip  takes  the  place  of  the  mask.  Thus, 
without  any  inconvenience  to  the  operator,  and  without  any  encroach- 
ment on  the  operative  field,  the  chloroform  vapor  and  the  air  inspired 
laterally  through  the  opened  comer  of  the  mouth  mix  together. 

Braun's  apparatus  (Fig.  36)  is  an  improvement  otiJunker's,  because 
it  may  serve  for  chloroform  and  for  ether,  and  also  enables  us  to  sud- 
denly  change  the  narcotic  and  obtain  a  mixed  narcosis. 

The  most  perfect  narcosis  apparatus  constructed  to  date  is  the  oxygen- 
air-chloroform  apparatus  of  Roth-Draeger-Koenig  (Fig.  37).  Its  ad- 
vantages are: 

1,  Exact  and  safe  dosage  of  the  anesthetic. 

2.  More  sparing  use  of  the  latter. 

8.  Possibility  of  bringing  instantaneously  pure  oxygen  to  the  patient 
4.  More  regular  narcosis,  even  with  inexperienced  anesthetists. 
6.  Lesser  after-effects. 
I. shall  not  give  here  a  full  description  or  explanation,  as  a  notice 
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accompanies  each  apparatus.     The  rules  to  be  observed  for  the  use  of 
the  apparatus  are  briefly  as  follows: 

Half  an  hour  before  narcosis,  0.01  gm.  of  morphin  subcutaneously. 
Select  a  mask  fitting  the  face  as  closely  as  possible.     These  masks  are 


Fig.  36.— Braun*8  Narcoais  Apparatus. 


entirely  metallic,  and  are  provided  with  an  aperture  through  which  the 
expired  air  escapes  and  cannot  be  inhaled  again.  The  light  valve  of  that 
aperture  shows  very  well  the  respiratory  rhythm.     By  turning  the  key 


Fig.  37.— Roth-Draeger-Koenig'a  Narcosis  Apparatus. 


(Q)  the  indicator  in  P  is  brought  to  the  point  where  it  shows  4  litres 
of  oxygen  available  for  consumption.  Then  the  patient  is  allowed  to 
breathe  pure  oxygen  for  a  short  time.     The  pure  oxygen  is  then  stopped 
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• 

by  placing  the  indicator  in  Ri  on  50  drops  (ether).  The  dose  is  raised 
progressively  up  to  150  drops,  until  the  toleration  stage  has  been  reached ; 
then,  as  much  as  possible,  the  number  of  drops  is  decreased  and,  at  the 
end  of  narcosis,  the  patient  is  made  to  breathe  pure  oxygen  for  a  few 
minutes.  If  ether  alone  does  not  give  a  satisfactory  narcosis,  turn  on 
the  chloroform  by  opening  the  stopcock  R.  If  it  is  desired  to  use  chloro- 
form from  the  start,  begin  with  15  drops,  but  do  not  go  over  75  drops 
(1  gm.)  per  minute.  The  bag  J  senses  as  receiver  for  the  ether-chloro- 
form-oxygen mixture,  and  also  as  a  regulator.  Inspiration  shbuld  empty 
it  completely.  During  expiration  it  gathers  the  fresh  inhalation  gas 
constantly  pouring  in.  An  hermetically  closing  inhalation  valve  prevents, 
during  expiration,  the  re-entering  of  expired  gases.  If  during  narcotiza- 
tion or  inhalation  of  oxygen  the  bag  is  not  completely  emptied  (if,  also, 
too  much  air  leaks  in  under  the  mask),  press  the  mask  more  closely  to 
the  face,  and  close  with  the  finger  the  opening  in  the  mask  till  the  bag 
collapses  sufficiently  during  inspiration.  The  small  hole  in  the  mask  is 
for  the  purpose  of  bringing  atmospheric  air  into  the  mask  when  the  lat- 
ter is  applied  hermetically  on  the  face.  As  the  lungs  require  8  to  11 
litres  of  air  per  minute,  and  the  apparatus  supplies  only  4  litres,  there  is 
a  deficiency  of  4-7  litres,  which  must  be  made  up  through  this  opening. 

In  cases  of  primary  death  from  general  anesthesia.  Lexer  gives 
the  following  recommendations: 

On  the  death  certificate  the  following  cause  of  death  must  be  given : 
•'Death  during  chloroform  or  ether  narcosis,"  and  must  be  accompanied 
by  a  statement  indicating: 

1.  The  reasons  for  the  operation,  and,  eventually,  why  narcosis  was 
unavoidable  despite  a  preexisting  heart  or  lung  affection. 

2.  Information  about  the  preliminary  examination  made  of  the 
patient. 

3.  Course  of  narcosis,  accidents  that  have  happened  and  measures 
taken  to  fight  them. 

4  An^enimieration  of  the  persons  present  during  the  narcosis  and 
their  names. 

5.  Signature  of  the  responsible  physician. 

It  is  also  good  to  indicate  the  place  where  the  anesthetic  came  from, 
and  eventually  what  is  left  of  it  should  be  placed  in  a  sealed  bottle  for 
chemical  analysis. 

During  recent  years  the  scopolamin'morphin  sleep  {Schneidelin- 
Korff)  has  often  been  used  for  obtaining  a  general  anesthesia. 

According  to  Bicsse,  this  anesthesia  is  carried  out  as  follows:  Careful 
disinfection  of  the  patient  before  the  first  injection  and  then  rest  in  bed. 
Two  and  a  half  hours,  one  and  a  half  hours,  and  half  an  hour  or  an  hour 
respectively  before  the  operation,  three  injections  are  given,  each  of 
0.005  gm.  of  morphin  hydrochlorid  and  0.0005  gm.  of  scopolamin  hydro- 
bromid  (Boehringer* s  preparation  is  preferable  to  the  much  recom- 
mended Merck  product,  inasmuch  as  untoward  after-effects — hallucina- 
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tK/fu,  fluBhingiff  the  face,  thirst  sensatioo — are  more  rarely  observed  after 
itn  use).  As  an  average,  0.0L5  gm.  of  morphin  and  0.0015  gm.  of  soopo- 
lamin  in  all  are  injected  under  the  skin.  Absolute  quiet  must  be  the 
rule  in  the  vicinity  of  the  patient.  Koenig  even  recommends  the  use  of 
antinoise  appliances;  and  also  during  the  operation  there  must  be  no 
whispering.  The  method  is  by  no  means  without  danger;  and  frequently 
one  is  compelled  to  give  also  ether  or  chlorofomL  The  cases  of  death 
after  this  kind  of  anesthesia  are  chiefly  due  to  the  toxicity  of  so^wlamin. 
When  an  accident  occurs  one  is  absolutely  powerless  under  these  circum- 
stances.   This  method  will  hardly  find  a  wide  field  in  practice. 


II L    Division  and  Reunion  of  the  Different 

Tissues 

Division  and  Reunion  of  the  Skin 

We  always  divide  the  skin  from  without  inward  with  a  knife;  only 
exceptionally-for  instance  on  the  abdomen— do  we  incidentally  lengthen 
an  incision  with  straight  scissors;  and  only  in  very  rare  cases — for 
instance  wh^n  compelled  to  operate  on  bleeders,  or  on  mucous  mem- 
branes rich  in  bloodvessels — the  thermo-cautery  (Paquelin)  may  be  used 
to  that  effect.  Of  course,  we  always  strive  to  place  the  incision  in  such 
a  way  that  the  resulting  scar  will  be  as  little  apparent  as  possible.  The 
precept  advocated  by  Kocher,  namely,  to  always  incise  in  the  direction 
of  the  skin  wrinkles  (see  his  Operative  Technique)  is,  unfortunately,  not 
always  practicable.  In  our  sense,  the  course  of  the  cutaneous  nerves  and 
the  securing  of  a  well-exposed  operative  field  are  much  more  important 
and  determining  factors  for  the  direction  and  length  of  the  incision, 
especially  when  the  skin  incision  must  open  an  approach  to  deeper  lying 
organs.  Too  short  an  incision  carries  with  it  the  risk,  especially  for  a 
beginner,  of  working  in  the  dark.  Thereby  important  formations  may 
be  unintentionally  wounded,  and  the  intervention  becomes  much  more 
difficult  whilst  the  final  aim  may  not  be  reached. 

All  incisions  through  the  skin  and  subcutaneous  fatty  tissue  are  made 
perpendicularly  to  the  surface.  To  this  rule  there  is  hardly  an  excep- 
tion. As  to  knives,  we  prefer  those  with  a  solid  flat  handle,  not  too  nar- 
row, and  preferably  striated  transversely,  because  the  latter  are  held 
firmer  by  slippery  fingers  (rubber  gloves).  For  practical  reasons  the 
blade  must  not  be  too  short  (else  it  wears  out  too  quickly),  and  must  be 
provided  on  the  cutting  side,  near  the  point,  with  a  broader  belly. 
(In  the  illustration  the  blade  is  a  little  too  short,  and  too  wide  near  the 
handle,  but  not  enough  so  near  the  point.)  The  way  of  holding  a  knife 
is  best  explained  by  the  illustrations.  The  most  usual  ways  are  the 
fiddlestick  and  the  table-knife  hold  (Figs.  38  and  39),  the  last  one  to  be 
employed  when  a  stronger  pressure  on  the  cutting  edge  is  required.  We 
grasp  the  knife  in  the  whole  fist  (Fig.  40)  when  we  need  great  strength, 
especially  to  divide  soft  parts  down  to  the  bone.  In  such  cases  we  use, 
generally,  a  knife  with  a  strong  and  thick  handle  and  a  strong  back  (bone 
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.^%^^:^ 


Fig.  38.— ''Fiddlestick"  Hold 


Fig.  39.— "Table-knife"  Hold. 


or  resection  knife).    The  penholder  hold  (Fig.  41)  is  mainly  used  for 
dissection  in  deep  regions. 

The  direction  and  length  of  the  projected  incision  may  be  first  marked 
on  the  skin  by  small  strokes  of  the  knife.  This  is  strongly  recom- 
mended, particularly 
in  cases  of  freely  mov- 
able skin,  or  when  it 
is  necessary  to  stretch 
the  latter  artificially. 
This  stretching  is 
best  effected  with  the 
thumb  and  index  fin- 
ger of  the  left  hand, 
which  must  not,  how- 
ever, be  placed  too 
close  to  the  edge  of  the 
incision,  so  as  not  to 
bring  unnecessarily  the 
fingers  in  the  wound- 
To  make  the  skin  in- 
cision, we  may  also  lift 
a  perpendicular  fold  of 
skin  with  two  forceps, 
one  of  which  is  held 
by  an  assistant  (Fig. 
42  shows  the  difference 
between  a  surgical 
thumb  forceps  and  a 
dissection  forceps ;  the 
third  forceps  figured  is 
a  forceps  for  sutures; 
see  below),  and  cut  it 
across,  till  the  incision 
has  reached  the  desired 
length.  This  mode  of 
division  between  two 
forceps  (Fig.  43)  is 
principally  employed 
where  there  are  differ- 
ent layers  of  tissue 
which  can  be  easily 
lifted  away  from  one 
another,  and  whose 
identification  lets  us  know  exactly  at  what  depth  we  are  working:  and  also 
particularly  when  we  must  avoid  wounding  deeper  situated  structures — 
nerves,  bloodvessels,  cavities,  or  organs.     As  a  general  rule,  we  divide  the 


Fig.  40. 


Fig.  41.— •'Penholder''  Hold. 
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skin  and  the  connective  subcutaneous  tissue  by  a  single  neat  stroke, 
reaching  evenly  down  to  the  deeper  parts.  To  divide  fasciae,  aponeu- 
roses, or  undermined  soft  parts  (sinuses),  we  can  also  use  the  grooved 
director  in  the  manner  represented  in  Fig.  43a.     The  grooved  director 


Fig.  42.— fl.  Suture  Forceps;  b.  Surgical  Forcepa; 
e.  Dissection  Forceps. 

is  inserted  through  a  small  incision  or  through  the  opening  of  the  fistula 
under  the  part  to  be  divided;  and  the  latter  is  cut  through,  either  by 
turning  the  blade  of  the  knife  downward,  the  point  resting  in  the  groove 
of  the  director,  which  it  follows  during  the  cutting,  or  in  the  way  fig- 
ured in  Fig.  43a.    To  dissect  the  skin  from  tiie  underlying  fascia,  the 


Pig.  43.— Division  of  Tissues  between  Two  Foreeps. 

former  is  lifted  up  so  as  to  stretch  the  connective  bundles  of  different 
length  and  extensibility,  which  unite  both  parts  together;  and  these 
bundles  are  cut  across  by  short  strokes  directed  toward  the  fascia 
(Fig.  44).  This  technique  is  particularly  used  in  the  formation  of  skin- 
flaps. 
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Dividing  the  skin  with  scissors  is,  as  has  already  been  said,  only  sel- 
dom practised.  For  this  purpose  we  use  scissors,  the  deep  blade  of  which 
carries  a  blunt  or  knobbed  end.    The  most  usual  shapes  of  scissors  are 


Fig  43a  —Division  of  Tissues  on  a  Grooved  Director. 


represented  in  Figs.  45  to  47.  So  that  they  may  be  easily  taken  apart 
and  cleaned,  all  these  scissors  have  the  so-called  flap-joint  (Fig.  45). 
Scissors  provided  with  a  screw  articulation  rust  very  easily  at  the  cross- 
ing point  of  the  blades.     In  narrow  sinuses  in  which  the  blunt  end  of 


the  scissors  cannot  be  inserted,  the  sharp  point  may  be  used  on  a  grooved 
director. 

If  the  dissection  leads  through  muscles,  we  must  keep  to  the  muscu- 
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lar  interstices.  Eventually,  we  may  also  split  a  muscle  parallel  with  the 
direction  of  its  fibres,  always  carefully  avoiding  the  wounding  of  pene- 
trating motor-nerve  fibres.  Separating  the  fibres  of  a  muscle  is  best 
,  eflfected  with  a  blunt  instrument  after  the  external  fibrous  sheath  of  the 
muscle  has  been  incised  for  a  short  length.  For  such  blunt  separations, 
we  use  either  a  closed  dissection  or  dressing  forceps  (Fig.  48),  or  Ko- 
cher's  goitre  spatula  (see  ligation  of  vessels).  To  enlarge  muscular  inci- 
sions, the  bent  index  fingers  are  also  frequently  used.    Introduced  on 


Fig.  46.— Cooper     Pig.  47.— Rose's  Pig.  48.— Dresa- 

Scissora,  i  nat.      Elbowed  Scissors,  iag  Forceps. 

j  nat.  size. 

Fio,  46.— Knobbed  Scissors, 
with  flap  joint. 

each  side,  in  the  muscle  incision,  they  stretch  the  muscles  without  injur- 
ing permanently  the  nerve  fibres.  Of  course,  it  is  better  to  avoid  this 
method  of  widening  muscular  incisions,  because  it  brings  the  fingers  in 
very  close  contact  with  the  wound,  and  the  risk  of  infection  is  enhanced 
correspondingly.  If  we  are  compelled  to  divide  a  muscle  clean  across  or 
obliquely,  let  us  remember  the  places  of  entrance  of  the  supplying  motor 
nerves  and,  whenever  possible,  cut  between  them.  Otherwise  the  mus- 
cle will  necessarily  atrophy  in  the  part  separated  from  its  nerve  supply. 
Above  all  things,  remember  that  a  muscle  disconnected  from  its  nerves 
is  functionally  worthless.  Divide  a  muscle  preferably,  whenever  pc»sible, 
in  a  perpendicular  direction,  so  as  to  suture  it  subsequently,  rather  than 
to  have  it  isolated  on  all  sides  from  its  nerve  supply. 
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Suture  of  the  Skin 

The  approximation  of  skin  wounds  with  hair  tresses  or  with  the  so- 
called  Carlsbad  needles  must  be  considered  as  an  absolutely  obsolete  tech- 
nique. It  is  now  our  custom  to  unite  the  skin  with  sutures,  and  we  use 
to  that  effect  either  needles  with  a  fixed  handle  or  mounted  on  a  needle- 
holder.  No  rules  can  be  laid  down  as  to  when  one  or  the  other  kind  is 
to  be  used.  In  the  Mooij  needle,  represented  in  Fig.  49,  the  thread  is 
hooked  on  after  the  needle  has  been  inserted.  In  the  Emmet  and  FUizet 
needles  (Fig.  50)  threading  takes  place  either  before  or  after  the  stab. 


Fig.  49.— Mooij 's  Needles. 


Fig.  50.— Emmet's  and  F^lizet's  Needles,  i  nat.  size. 


Fig.  51.— Roser'8 

Needle-holder, 

i  nat  size. 


The  threading  must  always  be  done  with  a  dissection  forceps,  not  with 
the  fingers,  so  as  not  to  endanger  the  asepsis  of  the  thread.  Figs.  51 
and  52  show  the  needle-holders  and  needles  commonly  used  by  us.  This 
shape  of  needle-holder  originated  with  Roser,  and  has  been  many  times 
modified.  Many  employ  needle-holders  without  a  special  contrivance  to 
hold  the  needle  fast.  We  have  mostly  used  such  a  model  only  to  seize 
needles  after  the  stab  and  withdraw  them  (needle  forceps,  Fig.  53). 
Among  the  various  usual  types  of  needle-holders  I  shall  mention  Hage- 
dorrCs,  which  requires  special  needles  curved  on  the  edge.  These  needles, 
used  in  conjunction  with  the  Hagedom  needle-holder,  afford  a  very  good 
grip  (Figs.  54  and  55).  The  question  as  to  which  needle-holder  is 
actually  the  best  is  hard  to  answer,  because  suture  is  essentially  a 
matter  of  practice.  The  inexperienced  find  difficulties  in  the  beginning 
with  any  needle-holder,  while  the  trained  surgeon  can  suture  with  any 
holder;  and,   in  case  of  necessity,  with  none  at  all.    With  the  model 
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represented  in  Fig.  62,  one  must  be  careful  to  seize  the  needle  with  the 
end  of  the  needle-holder  exactly  where  the  curve  begins,  and  to  have  the 
closing  bar  on  the  side  opposed  to  the  point  Needle-holders  which  open 
automatically  under  a  strong  pressure  on  the  handles,  or  in  which  a 


Fig.  52.-— Natural  size. 


Fig.  53.— Needle- 
holder,  I  natural  size. 


Fig.  54.— Hagredom's 
Needle-holder. 


lever  opening  the  lock   may  work  at  will  on  either  side,   are  very 
convenient 

According  to  the  size  of  the  wound,  more  or  less  stitches  are  required. 
According  to  its  depth  and  the  way  it  gaps,  these  stitches  must  pene- 
trate more  or  less  deeply.  Exact  rules  cannot  be  given 
as  to  how  many  stitches,  in  each  particular  case,  are 
required  per  centimetre  of  length  and  depth  of  the 
wound.  After  the  sutures,  the  corresponding  parts  of 
the  wound  must  be  in  exact  apposition,  no  gaps  must 
be  inadvertently  left,  and,  on  the  surface,  the  wound 
must  appear  as  a  fine  line.  The  sutures  we  use  most 
frequently  are  the  so-called  interrupted  sutures.  As 
suture  material,  we  use  silk,  catgut,  silkwormgut,  cellu- 
loid thread,  silver  wire,  aluminum  bronze  wire,  Vienna 
wire. 

In  larger  and  deeper  wounds,  especially  when  the  approximated  edges 
of  the  wound  do  not  fit  perfectly  along  the  whole  length  on  account  of  an 
uneven  retraction  of  the  tissues  or  of  a  loss  of  skin,  we  must  first  take  a 
few  so-called  relaxation  sutures,  which  subdivide  the  whole  wound  into 


nes  musi.  pene- 

Fig.  55.— Hafire- 
dom's  Needles. 
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several  equal  smaller  wounds ;  and  those  first  sutures  must  be  placed  far 
enough  on  each  side  of  the  wound  (Fig.  57) ,  especially  when  there  is 
marked  tension,  so  as  to  bring  in  soft  parts  from  a  greater  distance  from 
the  edges  of  the  wound.  Sutures  penetrating  less  far  and  less  deep, 
executed  with  smaller  needles  and  fine  suture  material,  close  then  the 
separate  sections  of  the  wound.  In  Fig.  58  are  illustrated  the  principal 
mistakes  which  can  be  made  while  suturing,  and  how  to  avoid  them.  In 
•a,  the  suture  is  placed  too  superficially.    After  the  tying,  a  dead  space 


Fig.  56. — Relaxation  Sutures. 

remains  in  which  secretions  from  the  wound  collect,  and  offer  a  good 
culture  medium  for  bacteria  which  may  have  been  introduced  into  the 
wound,  and  thereby  may  lead  to  wound  infection.  In  6,  the  thread  takes 
more  from  the  edge  on  one  side  than  on  the  other.  When  the  knot  is 
tied,  it  becomes  difficult  to  approximate  exactly  the  corresponding  parts, 
epidermis  against  epidermis,  true  skin  against  true  skin.  In  c,  these 
mistakes  are  avoided.    When  the  threads  are  tied,  they  must  not  be 


Fig.  57. 


tirawn  too  tightly,  otherwise,  especially  in  thin  skin-flaps,  slight  necrosis 
of  the  edge  might  result.  Again,  the  knot  must  be  on  the  side  of  the 
edges  of  the  wound,  so  as  not  to  wedge  in  between  them,  thus  spreading 
•  them  apart.  In  d  is  illustrated  how  a  dead  space  may  be  left  when  the 
skin  covering  a  fascia  is  approximated  without  the  latter  being  taken  at 
the  same  time.  To  prevent  the  formation  of  such  a  dead  space,  the 
needle  must  pass  superficially  in  the  fascia  in  one  or  more  places,  as 
shown  in  e.  To  tie  threads,  we  use  the  so-called  surgical  knot  (Fig.  58, 
f),  the  execution  of  which  -is  best  explained  by  the  illustration.  It 
has  the  advantage  of  holding  fast  as  soon  as  the  threads  have  been 
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isted  around  each  other  twice  and  pulled  tight.  Above  that  double 
ist  another  simple  one  is  placed.  When  very  fine  silk  ia  used,  such  a 
■gical  knot  cannot  be  well  performed,  but  is  generally  also  not  needed, 
len  the  threads  are  slippery  and  the  tension  is  great,  it  is  convenient 
fix  the  first  knot,  until  the  second  is  tied,  with  a  dissection  forceps, 
which  the  tips  of  the  branches  are  not  grooved  transversely,  but,  on 
(  contrary,  are  absolutely  smooth.     (Suture  forceps,  Fig.  42. ) 
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Fig.  58. 

In  many  cases  the  so-called  continuotu  future  has  important  advan- 
ces over  the  interrupted.  Above  all,  it  takes  less  suture  material,  and 
I  be  executed  quicker  than  the  latter.  But,  on  the  other  hand,  it  pre- 
its  this  drawback  that  when  a  thread  cuts  through  or  must  be  removed 
account  of  suppuration  of  .the  stitch  canal,  the  others  also  get  easily 
se.  Figs.  59  and  60  explain  the  placing  of  such  a  suture.  We  make 
itinuous  sutures  mainly  with  straight,  lancet-shaped  needles,  guided 
th  the  hand  without  needle-holder.  The  final  knot  is  best  made  by  not 
ling  the  free  thread  end  out  of  the  stitch  hole,  when  the  last  stitch  is 
^hed,  but  holding  it  on  one  side  of  the  wound,  so  as  to  be  able  to  tie 
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it  with  the  portion  of  thread  held  in  the  needle-eye  (Fig.  60).    Fig.  61 
shows  a  special  kind  of  continuous  suture  which  has  the  advantage 

of  placing  the  threads 
perpendicularly  to  the 
wound.  The  suture  rep- 
resented in  Fig.  62  is 
called  mattress  suture, 
and  is  occasionally  em- 
ployed to  bring  together 
larger  wound-surfaces. 
As  a  particular  mode  of 
suture  I  shall  mention  the 
so-called  quilled  suture 
(Fig.  63),  which  serves 
particularly  in  cases  of 
much  tension  on  the  tis- 
sues, to  draw  the  latter 
together  from  a  distance 

Fig.  60.— Endinsr  a  Continuous  Suture.  or   to    lift    them   up,    as 

shown  in  Fig.  64. 
A  drawback  of  the  interrupted  as  well  as  of  the  uninterrupted  suture 
is  that  the  separate  stitch-holes  will  often  remain  visible  for  life.    HaJr 


Fig.  59.— Continuous  Suture. 


Fig.  61. 


Fig.  62.— Mattress  Suture. 


9ibed  tries  to  avoid  this  by  having  the  thread  run  subepidermic  from  edge 
to  edge  of  the  wound.    This  sort  of  suture  is  best  made  with  polished 


Fig.  63.— Quilled  Suture. 


Fig.  64.— Quilled  Suture. 


silver  wire,  which,  after  the  removal  of  small,  uneven  parts,  behaves 
like  silk  or  celluloid  threads.  The  technique  of  the  HaUted  suture  (also 
called  American  suture)  is  sufficiently  illustrated  by  the  opposite  drawing 
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(Fig.  66).  The  cut  on  the  right  shows  the  suture  on  a  cross  section, 
always  keeping  close  superficially  to  the  epidermis.  I  perform  it  gener- 
^ly  with  a  double  thread  and  tie  the  beginning  and  the  end  of  the  latter 
on  a  smsQl  gauze  pad.  In  deep  and  sinuous  wounds  the  sutures  placed 
in  the  depth  must  of  course  be  first  tied,  as  the  HaMed  suture  is  applic- 
able only  to  superficial  skin  wounds. 

To  remove  stitches,  obey  the  following  rules:  Seize  the  knot  and  pull 

/ 


Pig.  66,— Halsted'a  or  American  Suture. 


on  it  until  a  part  of  the  thread  that  was  imbedded  in  the  stitch  canal 
becomes  visible.  Such  a  part  is  distinguishable  from  the  parts  which 
remained  outside  of  the  canal  by  its  clean  white  color,  while  the  external 
part  is  almost  always  stained  brown  by  blood.  Cut  the  thread  in  that 
unstained  part  and  pull  it  out.  Thus  we  avoid  passing  through  the  stitch 
canal  the  parts  of  the  thread  which  have  remained  outside  and  which 
regularly  contain  bacteria,  and  might  therefore  infect  the  canal. 

For  the  rapid  closure  of  superficial  wounds  the  so-called  Michel 
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Fig.  66.— Agrafe  Eiuture. 


agrafe*  are  much  used  nowadays  (Fig.  66).  The  forceps  there  shown  on 
the  right  is  devised  to  make  it  unnecessary  to  have  an  assistant  approxi- 
mate the  edges  of  the  wound.  It  is  a  surgical  forceps  with  two  branches 
for  coaptation,  and  a  middle  one,  which  falls  in  the  cleft  of  the  wound. 
To  remove  the  agrafes,  one  can  use  two  small  wire  hooks,  which  come 
with  the  instrument,  each  being  inserted  in  an  eye  of  the  agrafe;  or  two 
surgical  forceps  with  sharp  teeth  may  do.  Special  forceps  for  the  pur- 
pose have  also  been  made.  I  cannot  say  that  patients  are  particularly 
enthusiastic  about  agrafe  sutures. 
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The  Coyering  of  Defects  of  the  Exterlial  Skin  and  of  Mncoos 
Membranes 

Thiersch's  Grafts 

In  Thiersch's  method  of  grafting,  thin  flaps  of  skin,  aa  large  as  pos- 
sible and  formed  essentially  by  epithelium,  are  brought  on  fresh,  or 
artificially  freshened,  wound-surfaces.  The  transplantation  succeeds 
best  on  absolutely  fresh  and  aseptic  wounds,  even  directly  on  living 
bone.  Ulcerated  surfaces  are  best  changed  into  fresh  wound-surfaces 
through  excision  and  scraping  with  a  sharp  spoon  (Fig.  67).    Direct 


^ 


Fig-  67. 

grafting  on  granulations  yields  good  results  only  when  the  latter  are 
hard,  gray-red,  flat,  and  secrete  but  very  little.  Before  the  laying  of 
grafts,  all  bleeding  must  be  checked,  which  is  achieved  by  elevating  the 
limb  and  pressing  with  gauze  sponges  soaked  in  salt  solution,  and 
twisting  the  small  bleeding  vessels.  Ligatures  must  be  avoided,  as 
grafts  do  not  take  on  the  ligature  thread.  General  anesthesia  is  not 
absolutely  necessary,  but  has  to  be  resorted  to  in  most  cases  of  really 
extensive  transplantations,  when  lumbar  anesthesia  is  not  possible. 
The  epidermis  for  the  grafts  is  best  taken  from  the  anterior  and  exter- 
nal aspects  of  the  thigh,  because  there  it  is  rather  thick,  and  rests  on  a 
good  fat-and-muscle  cushion  favorable  for  cutting,  and  the  red  (often 
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also  slightly  cicatricial)  spots  which  persist  a  long  time  after  the  taking  of 
grafts  are  not  exposed.  In  case  of  necessity,  the  skin  of  the  outer  side 
of  the  arm,  eventually  also  that  of  the  trunk,  may  be  used.  The  thigh  is 
shaved  and  washed  thoroughly  with  soap  and  wscter,  but  in  a  way  that 
does  not  injure  the  cuticle,  rinsed  with  sterile  water,  but  not  disinfected 
afterward  with  alcohol  or  sublimate,  because  the  alcohol  takes  away  the 
suppleness  of  the  skin,  and  the  sublimate  the  sharp  edge  of  the  knife. 
To  cut  the  grafts,  we  use  a  razor  ground  concave  only  on  one  side,  similar 
to  those  used  for  the  hand-cutting  of  microscopical  sections,  but  consider- 
ably longer  and  wider.  Very  good  also  is  the  Kocher  graft  knife  (Fig. 
68),  which  is  just  about  the  shape  of  a  table  knife.  The  skin  is  put  upon 
the  stretch  with  the  ulnar  border  of  the  left  hand,  so  that  it  applies  as  flat 
as  possible  on  the  subjacent  structure.  If  necessary,  an  assistant  stretches 
it  in  a  similar  way  with  a  hand  placed  opposite  that  of  the  surgeon,  and 
the  razor  laid  flat,  detaches,  by  quick  sawing  motions,  flaps  of  the  greatest 
possible  length  and  width,  but  also  as  thin  as  possible,  so  that  after  their 
removal  only  a  few  small  bleeding  points  appear.  Directly  from  the 
knife  the  grafts  pass  on  the  wound-surface,  prepared  as  has  been  stated 


Fig.  68. — Kocher 's  Graft  Knife,  i  natural  size. 

before.  With  the  blunt  end  of  a  probe,  each  grraft  is  made  to  slide  from 
the  knife  thus :  one  end  is  placed  on  the  edge  of  the  wound,  slightly 
overlapping  the  skin ;  and  while  this  end  is  held  in  place  with  the  probe, 
the  knife  is  slowly  carried  over  the  wound-surface.  Thereby  the  flap 
adjusts  itself  snugly  to  the  wound.  If  one  flap  is  not  enough,  several 
are  laid  in  opposite  directions  (tile  fashion),  the  edges  overlapping  each 
other  a  few  millimetres.  The  flaps  must  equally  cover  a  few  millimetres 
of  the  skin  around  the  edges  of  the  skin  defect.  With  a  large  gauze 
compress  soaked  in  salt  solution,  the  grafts  are  then  firmly  pressed  down 
on  the  surface  of  the  wound,  They  stick  there  very  quickly,  owing  to 
the  small  masses  of  secretion  that  collect  underneath.  As  it  happens 
sometimes  that  the  grafts  are  detached  secondarily  by  a  more  abundant 
secretion  or  after-bleeding,  and  as  healing  is  then  not  obtained,  it  has 
been  successfully  tried  recently  ( Vogel  and  Lam)  to  provide  a  drainage 
for  these  fluids  by  fenestrating  the  flaps;  that  is,  by  opening  in  them 
with  scissors  or  with  a  specially  devised  instrument  a  number  of  aper- 
tures. Personally,  we  apply  a  dressing  of  numerous  gauze  compresses 
overlapping  each  other  tile  fashion,  with  a  lightly  compressing  bandage. 
Others  apply  at  once  ointment  dressings.  The  grafts  may  also  take  well 
when  directly  exposed  to. the  air.  If  the  strips  cannot  be  carried  forth- 
with to  the  wound,  they  must  be  placed  in  sterile  physiological  salt  solu- 
tion.   They  always  curl  the  cut  surface  being  inside,  by  which  fact  the 
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epidermic  and  the  subepidermic  side  can  always  be  easily  recognized. 
In  salt  solution  they  remain  living  for  a  number  of  days.  They  may  also 
be  preserved  for  a  few  days  on  sterile  gauze  protected  against  drying. 
They  are  then  taken  with  an  instrument  resembling  the  spatula  used  for 
microscopical  work,  and  applied  to  the  wound  in  the  manner  described 
above.  The  dressing  is  not  changed,  as  a  rule,  until  after  5  to  10  days. 
After  14  days  the  grafts  have  generally  taken  so  firmly  that,  unless  parts 
of  the  ulcer  still  persist,  further  dressing  is  not  necessary.  The  place 
from  which  the  strips  are  taken  is  covered  with  a  sterile  gauze  com- 
press. Generally  this  compress  falls  off  after  10  to  14  days.  Healing  is 
then  complete. 

Mangold  has  modified  Thiersch's  method  of  grafting,  in  that  he  does 
not  transplant  epidermic  strips  but  epidermic  pulp,  which  he  obtains  by 
scraping  with  a  razor  the  skin  sterilized  as  already  described.  This 
pulp  he  smears  principally  over  deeper  wounds.  The  wounds  assume  a 
diphtheritic-like  appearance  for  the  first  few  days,  then  clean  up,  and 
there  remains  a  bluish  veil  of  newly  formed  epidermis. 

These  grafting  methods  of  Thiersch  and  Mangold  replace  only  the 
epidermis.  The  appendages  of  the  skin,  sebaceous  glands,  sweat-glands, 
and  hair  follicles,  regenerate  at  best  only  in  small  numbers  in  the  outer- 
most region  closest  to  the  edge.  Besides,  the  underlying  tissue  forms 
in  time  a  fibrous  layer  hardly  distinguishable,  especially  near  fasciae  or 
bones.  The  resistance  of  such  a  new  skin  is  only  small,  without  speak- 
ing of  the  often  defective  cosmetic  effect 

KratMse's  method  of  grafting  provides  against  these  shortcomings, 
and  gives  a  skin  with  its  appendages,  which  in  the  course  of  time  becomes 
plainly  distinct  from  the  under jacent  layer,  and  is  fully  equal  to  normal 
skin.  Therefore  it  must  be  preferred  to  the  preceding  one  for  opera- 
tions on  the  face,  the  palms  of  the  hands,  the  soles  of  the  feet,  the  flexion 
and  extension  sides  of  joints.  But  it  is  only  applicable  to  absolutely  fresh 
aseptic  wound-surfaces  (recent  losses  of  substance).  All  ulcers  must 
be  transformed  through  careful  excision  into  wound-surfaces  in  as  asep- 
tic a  manner  as  possible.  Bleeding  must  also  be  carefully  checked  and 
ligatures  avoided.  The  flaps  to  be  transplanted  are  best  taken  from  the 
freely  movable  skin  of  the  chest,  abdomen,  or  thigh,  especially  because 
in  these  regions  large  gaps  may  be  closed  by  a  simple  suture,  so  that  only 
a  linear  scar  will  remain.  The  skin-flaps  must  be  selected  about  one- 
third  larger  in  all  dimensions  than  the  defect  to  be  covered,  and  must 
only  contain  the  epidermis  and  the  true  skin,  without  subcutaneous  fat 

So  far,  I  have  found,  like  Lexer,  that  small  amounts  or  remnants  of  fatty 
tissue  do  not  constitute  a  serious  hindrance  to  the  taking  of  the  grafts, 
provided  the  asepsis  be  maintained.  The  removal  can  be  effected  very 
satisfactorily  under  local  anesthesia  induced  with  Hackenbruch' s  circular 
injection.  The  flap  is  carefully  dissected  from  the  subcutaneous  fat 
When  large  flaps  are  taken,  the  fat  must,  in  addition,  be  excised  down 
to  the  fascia  so  as  to  allow  of  a  linear  approximation  of  the  wound.     The 
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flap,  shaped  similarly  to  the  wound-surface,  is  simply  laid  on  the  latter, 
maybe  held  in  place  at  the  angles  by  a  few  stitches  of  very  fine  silk,  and 
covered  with  a  very  slightly  compressive  dressing.  The  limb  is  immo- 
bilized for  8  or  10  days.  Aseptic  healing  makes  the  flap,  at  first  some- 
what bluish  and  livid,  assume  soon  a  reddish  tint,  and,  after  two  weeks 
dry  massage  (with  talcum  powder),  with  circular  motion,  must  be  begun 
with  caution. 

Plastic  Operations  on  the  Skin 

I  shall  borrow  a  short  summary  of  plastic  surgery,  together  with 
illustrations  from  the  text-book  of  special  surgery  by  Hochenegg. 

The  most  important  methods  are  the  following: 

1.  Traction  (Fig.  69,  a  and  6). 

An  oval  loss  of  skin,  such  as  would  follow  the  removal  of  a  tumor  or 
an  injury  is  circumscribed  by  two  incisions,  and  made  to  assume  a  long 
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Fig.  69. 

and  pointed  shape,  and  is  then  either  closed  immediately  with  a  few 
relaxation  and  approximation  sutures ;  or,  if  the  stretching  be  too  great, 
two  incisions  to  relieve  the  tension  are  made,  one  on  each  side,  and  the 
sutures  are  then  placed.  The  lateral  incisions  are  left  to  heal  per  gran- 
tdationenif  or  are  covered  with  skin,  according  to  Thiersch's  method.  In 
case  of  the  skin  adhering  strongly  to  the  subjacent  structures,  the  bridges 
formed  by  the  lateral  incisions  must  be  first  freed  by  undermining  from 
the  deeper  parts. 

By  this  method  triangular  and  quadrangular  defects  may  also  be  closed. 
Lozenge-shaped,  and  not  too  wide,  defects  may  be  converted  into  linear 


Fig.  70. 


by  pulling  both  acute  angles  with  small,  sharp-pronged  retractors  so  as  to 
straighten  the  obtuse  angles  (Fig.  70,  a  and  6). 

Then  we  can  transform  (Fig.  71,   a  and  b)  a  rectangular  defect  into 
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an  elliptical,  which  allows  of  a  linear  suture,  by  excising  an  isosceles 
triangle  on  each  of  the  short  sides. 

2.  Sliding  (Celsus). 

In  Fig.  72,  a  and  6,  is  shown  how  a  rectangular  loss  of  skin  is  closed 
by  means  of  two  lateral  incisions  lengthening  the  short  sides,  and  displace- 
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Fig.  72. 
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Fig.  74. 


ment  of  the  flap.  If  the  defect  is  wider,  the  flap  would  have  to  be 
stretched  too  much,  and  would  be  in  danger  of  necrosis ;  then  we  may 
bring  in  a  similar  flap  from  the  opposite  side  or,  also,  as  represented  in 
Fig.  73,  a  and  6,  use  three  rectangular  flaps. 

Figs.  74  to  76,  a  and  6,  show  three  methods  of  covering  triangular 
defects, 

Burow  covers  a  triangular  defect  such  as  a,  6,  c  (Fig.  77,  a  and  b)  by 
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len^hening  on  one  side  the  basis  a,  b  of  the  triangle,  and  cutting  on  this 
line  at  some  distance  an  even-sized  triangle,  a,  6,  c,  point  downward; 
then  undermining  the  flaps  a,  6,  c,  and  c,  6,  a,  and  suturing.  He  obtains 
thus  wound  edges  of  exactly  equal  lengths. 
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Fig.  75. 


f^\ 
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Fig.  78. 


Burow*8  method  is  also  suitable  for  quadrangular  defects  through  the 
sacrifice  of  two  lateral  triangles  (Fig.  78,  a  and  b). 

These  plastics,  with  sacrifice  of  lateral  triangles,  give  very  nice  results. 
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frjt,  iikf;  all  plastic  oj*nj.tior;i-.  they  require  experience  and  an  t^rative 
piaii  w*rii  laid  in  advance, 

-'.  Flap  Formation  and  Twisting  of  the  PeJieie. 

¥"\iic.  "i^.  «  iind  '■<.  sh'jwi:  Buch  a  pr«;edare:  Fig,  Wj.  a  and  c.  the  cltBore 
of  a  Iiir}r*;r  defect  with  two  such  flajts.  Such  a  pedunculated  flap  may  be 
tviittAfd  up  t/^  1W-.  but  then  it  must  be  long  enough  to  absolutely  protect 
the  pedicle  against  any  stretching.     This  results  regularly  in  the  produc- 
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tion  of  an  unesthfttic-lookiny  prominence  which  may  be  excised  later; 
but  this  excision  must  l>e  delayed  long  enough  to  let  the  nutrition  of  the 
(lap  liecome  sufficiently  insured  hy  the  new-formed  bloodvessels  penetra- 
ting from  the  wound  edges  into  the  flap:  which,  under  normal  circum- 
Htances,  recjuires  aliout  two  weeks.  After  this  lapse  of  time,  one  can 
even  sever  squarely  and  completely  the  pedicle. 

Division  and  Reunion  of  Tendons 

For  tendons  we  have  to  distinguish  between  the  so-called  percutaneous 
and  Bubcutaneous  sections.  In  the  first,  the  external  skin  incision  is,  as  a 
rule,  drawn  iMiralld  with  the  direction  of  the  tendon,  and  the  tendon  sec- 
tion it«elf  juTpendicularly  \m  the  latter.  This  percutaneous  tenotomy  is, 
for  instance,  jwrformcd  in  wr>'-neck  of  mu.scular  origin,  and  the  reader 
is  referred  to  the  chapter  on  Oiienitions  on  the  neck.  The  subcutaneous 
tenotomy  most  often  carried  out  is  that  of  the  tendo  Achillis,  in  cases  of 
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club-foot,  and  I  shall  limit  myself  here  to  the  description  of  that  opera- 
tion (Pig.  81).  (See  also  further,  chapter  on  Operations  on  extremities.) 
The  patient  lies  on  his  back.  After  careful  disinfection,  the  sut^eon 
grasps  in  his  left  hand  the  foot,  the  knee  being  bent  at  a  right  angle. 
The  tenotome  is  grasped  squarely  in  the  whole  right  hand  and  inserted 
{the  knife-blade  in  a  frontal  plane)  under  the  ventral  aspect  of  the  ten- 


don relaxed  by  the  extension  of  the  foot  and  flexion  of  the  knee.  The 
knife  is  introduced  on  the  inner  side  of  the  tendon  for  the  right  leg,  on 
the  outer  for  the  left,  and  pushed  until  the  thumb  placed  on  the  side  op- 
posite that  of  introduction,  outer  or  inner,  as  the  case  may  be,  feels  dis- 
tinctly the  point  under  the  skin  (Fig.  81,  on  the  left).  Then  the  blade  is 
for  the  first  time  turned  toward  the  tendon.  By  slowly  flexing  dorsally 
the  foot  and  extending  the  knee,  the  tendon  is  more  and  more  put  on  the 
stretch  and  progressively  divided,  partly  by  pressing  on  the  knife,  partly 
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by  short  sawing  movements,  while  the  thumb  controls  very  exactly  the 
position  of  the  point  of  the  knife  (Fig.  81,  below).  If  there  remains  only 
a  small  part  of  the  tendon,  particular  care  is  needed  for  the  section  of 
the  latter,  so  that  the  knife  does  not  pierce  the  skin,  when  comes  the 
strong  jolt  which  usually  announces  the  tearing  of  that  last  i)art  The 
bleeding  is  always  trifling  when  one  keeps  close  to  the  tendon.  The 
small  slit  in  the  skin  does  not  require  suturing.  A  small  sterile  dressing 
is  applied  and  the  foot  is  immobilized  in  strong  overcorrected  position 
in  splints  or  hardening  bandages. 

More  frequently,  we  have  to  unite  the  ends  of  a  divided  tendon,  after 
incised  wounds,  especially  of  the  forearm,  the  back  of  the  hand,  and  the 
fingers.  The  search  for  both  ends  of  tendons  imbedded  in  long  sheaths, 
and  more  particularly  that  of  the  central  end  attached  to  the  body  of  the 
muscle,  is  oftentimes  very  difficult.  The  attending  bleeding  is  also  at 
times  very  disturbing.  Therefore,  whenever  possible,  let  us  operate 
under  artificial  anemia,  by  winding  an  elastic  bandage  around  the  limb 
from  the  periphery  to  the  centre,  after  the  manner  described  in  the  chap- 
ter on  bleeding  and  its  prevention,  and  by  then  cording  the  limb  above 
the  origin  of  the  muscular  bellies  belonging  to  the  divided  tendons.  In 
sections  of  the  tendons  of  the  forearm  or  of  the  hand,  Esmarch's  bandage 
must  therefore  be  placed  at  about  the  middle  of  the  arm,  because  most  of 
the  muscles  take  insertion  on  the  lower  end  of  the  humerus.  If  one 
should  cord  on  the  forearm,  the  muscular  bellies  would  be  immobilized, 
and  it  would  become  impossible  to  pull  the  corresponding  tendons  out  of 
their  sheaths  in  a  peripheral  direction.  If  we  have  to  deal  with  a  great 
number  of  divided  tendons,  perhaps  further  complicated  by  the  section  of 
one  or  the  other  of  the  large  nerve  trunks,  general  anesthesia  is  very  de- 
sirable; or,  for  the  lower  limbs,  lumbar  anesthesia,  and  for  the  upper, 
Bier's  new  method  of  venous  anesthesia.  The  research  and  suture  of 
numerous  tendons  demands  much  time  and,  if  local  anesthesia  be  used, 
the  Esmarch  rubber  bandage,  even  when  applied  in  the  manner  described 
on  page  22  becomes  very  uncomfortable  for  the  patient,  so  that  often 
general  anesthesia  must  all  the  same  be  resorted  to.  The  parts  surround- 
ing the  wound  are  cleaned  thoroughly,  while  the  wound  itself  is  carefully 
guarded  against  injury  that  might  be  inflicted  by  the  disinfection,  by 
being  covered  with  a  piece  of  sterile  or  iodoform  gauze.  In  the  wound, 
one  must  be  content  with  paring  with  knife  or  scissors  mangled  bits 
of  skin,  and  carrying  away  the  larger  particles  of  dirt  with  a  dissection 
forceps  or  a  gauze  sponge  after  flushing  with  hydrogen  peroxid.  If  we 
have  to  deal  with  a  small  skin  wound,  we  must  enlarge  it  by  an  incision 
parallel  with  the  direction  of  the  tendon.  On  the  fingers  the  incision  is 
made  on  the  lateral  border,  so  that  the  scar  does  not  fall  on  the  palmar 
surface.  The  peripheral  end  of  the  tendon  is  easier  to  find  if  the  limb  is 
placed  in  that  position  which  would  stretch  most  that  particular  tendon. 
Eventually  the  stump  of  the  tendon  may  be  caught  in  the  tendon  sheath 
and  drawn  out  with  a  mouse-tooth  forceps  or  a  small  sharp  hook.     Each 
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separate  tendon  end  is  then  encircled  with  a  thread  loop,  or  fastened  with 
a  hemostatic  clamp,  care  being  taken  with  the  latter  to  avoid  all  un- 
necessary bruising  of  the  tendon. 

The  search  for  the  central  end  must  then  be  made  by  means  of  the 
same  manipulations.  When  said  central  end  has  much  retracted,  it  be- 
comes frequently  indispensable  to  incise  the  tendon  sheath  farther  lon- 
gitudinally. If  the  end  does  not  come  in  view,  it  can  be  sometimes 
brought  out  of  its  sheath  into  the  wound  by  strong  massage  along  the 
direction  of  the  muscle,  from  its  insertion  downward;  but  it  must  be 
quickly  tied  or  fastened,  as  it  slips  back  very  easily.  Still  better,  a 
strong  rubber  bandage  is  wound  around  the  limb  from  the  centre  to  the 
periphery.  This  spreads  the  muscle  and  compels  the  tendon  to  come  out. 
In  cases  of  old  divisions  of  tendons,  the  retracted  ends  have  generally 
blended  with  the  sheath,  and  must  be  neatly  dissected  out  from  the  latter, 
which  must  be  spared  with  the  utmost  care. 

In  the  past  few  years  I  have  united  divided  tendons  after  WUms^s 
method,  and  I  am  so  satisfied  with  the  results  of  these  sutures  that  I  shall 


Fig.  82. 


limit  myself  to  the  description  of  this  method.  As  Fig.  82  shows,  both 
in  profile  and  on  a  cross-section,  the  thread  first  winds  around  a  small 
bundle  of  tendinous  fibres,  a  few  millimetres  from  the  cut  surface  of  one 
end,  then  comes  out  through  the  same  surface,  penetrates  in  that  of  the 
other  end  to  finally  wind  around  a  bundle  similar  to  that  of  the  first  end. 
When  it  comes  to  tying  the  threads,  the  tendon  stumps  are  brought  in 
close  contact  by  means  of  the  fixation  loops  or  of  a  dissection  forceps 
and  not  by  traction  on  the  suture  threads,  as,  despite  the  special  spiral 
course  of  the  thread,  the  tendons  tear  easily.  2  or  3  similar  threads  of 
fine  (but  not  of  the  finest)  silk  are  enough,  and  insure  such  a  safe  and 
exact  union  without  interposed  knots,  that  active  and  passive  move- 
ments may  be  begun  about  8  to  10  days  later.  The  tendon  sheath  is 
not  sutured,  the  remaining  soft  parts  are  united  whenever  possible, 
after  a  drainage-tube  has  been  placed  on  the  tendon  ends,  and  the  limb 
is  fastened  on  a  splint  or  in  a  cast  in  such  a  manner  that  the  upper 
and  lower  insertions  of  the  wounded  muscle  are  brought  as  close  as 
feasible. 

If  parts  of  the  tendon  are  missing,  or  if  the  ends  cannot  be  brought 
together,  they  must  be  lengthened  by  a  plastic  operation.     A  few  of  the 
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methods  used  for  that  purpose  are  represented  in  Fig.  83,  and  do  not 
require  further  explanation.  These  figures  were  prepared  from  the  draw- 
ings of  Friedrich  in  his  *  *  Manual  of  Practical  Surgery. ' '  Long  destroyed 
segments  of  tendons  have  most  frequently  been  substituted  for  successfully 
by  silk  threads.  In  order  that  the  separate  silk  threads  employed  for 
that  purpose  may  not  tear  out,  we  may  either  use  Wilms' s  method  (see 

above)  somewhat  modified,  or  tie 
around  each  of  the  tendon  ends,  the 
same  as  for  the  ligature  of  a  blood- 
vessel, a  silk  thread,  and  tie  the  other 
threads  to  that  circular  ligature.  The 
longitudinal  threads  are  intertwined 
so  as  to  form  a  sort  of  braid.  Here, 
also,  we  must  select  fine  threads,  be- 
cause healing  is  easier  with  this  than 
with  thick  silk. 

Tendon  transplantation,  inaugu- 
rated by  Nicolddoni,  aims  at  restoring 
the  function  of  a  destroyed  muscle 
by  means  of  a  neighboring  muscle 
of  unimpaired  power.  To  this  effect  the  peripheral  end  of  the  divided 
paralyz^  muscle  is  either  implanted  laterally  in  the  sound-working 
tendon,  or  united  under  tension  with  a  portion  of  this  tendon  separated 
from  the  rest  of  the  fibres.  We  can  also  divide  transversely  the  soimd  ten- 
don and  unite  it  with  the  tendon  of  the  paralyzed  muscle ;  as,  for  instance, 
Krau8e  has  done  with  remarkable  success  in  replacing  the  paralyzed 
quadriceps  femoris  by  the  tendons  of  the  semitendinosus,  semimem- 
branosus, and  biceps  muscles.  Kraiise  sutured  the  tendon  stumps  later- 
ally to  the  edge  of  the  patella,  and  thus  performed  an  operation  which  has 
been  also  described  as  Lange's  periosteal  tendon  transplantation.  Lange 
gives  up  entirely  the  paralyzed  tendon,  and  sutures  a  sound  tendon  whose 
function  can  be  dispensed  with,  after  cutting  it  as  distally  as  possible,  to 
the  periosteum  in  the  vicinity  of  the  insertion  of  the  paralyzed  tendon, 
after  making,  by  blunt  subfascial 
dissection,  a  sort  of  sheath  for  the  new 
tendon.  (See  also  Tendon  transplan- 
tations in  the  chapter  on  Operations 
on  extremities.) 


Fig.  83. 


Suture  of  Fasciae 


Fig.  84. 


Fasciae   can   be    united  by   inter- 
rupted   or    continuous    sutures,    but 

these,  even  with  silk  and  buried,  are  apt  to  leave  small  gaps  between  each 
stitch.  A  safer  and  gapless  coaptation  is  obtained  with  Sick's  fascial 
suture  (Fig.  84),  which  does  not  bring  together  the  fascial  edges,  but,  «« 


as 
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is  plainly  shown  by  the  figure,  places  them  one  above  the  other,  so  that 
along  the  line  of  suture  there  is  a  double  layer  of  fascia. 

Mumcular  atumpa,  according  to  their  size,  are  reunited  by  simple 
sutures  taking  in  the  whole  thickness  or  by  superposed  rows  of  sutures. 
In  all  cases  attention  must  be  paid  to  an  exact  coaptation  of  the  muscular 
fascia. 

After  all  muscular  sutures,  as  well  as  after  all  tendon  sutures,  the 
limbs  must  be  kept  for  at  least  one  to  two  weeks  in  the  position  that 
stretches  least  the  affected  muscle. 


Suture  of  Nerves 

Freshly  divided,  unbruised,  nerve  extremities  may  be  forthwith  re- 
united by  suture.  Those  which  have  been  divided  for  some  time  must  be 
freed  from  their  fibrous  terminal  portion  and  freshened.  Short  gaps  be- 
tween the  ends  are  easily  spanned  over  on  account  of  the  elasticity  of  the 
nerve.  The  same  has  been  tried  in  larger  gaps  with  the  aid  of  extreme 
flexion  or  extension  of  the  limb,  or  resection  of  the  neighboring  bones  in 
the  continuity.  A  shortening  of  the  limb  apparently  lengthens  the  nerve 
{v.  Bergmann).  Giiick  has  successfully  provided  a  channel  for  the  new 
nerve  fibres  sprouting  from 
the  central  nerve  end  by  en- 
sheathing  both  ends  in  a  seg- 
ment of  vein.  Finally,  the 
peripheral  end  of  a  nerve 
which  had  become  functionless 
has  been  implanted  laterally  in 
a  nerve  whose  function  was 
normal;  or,  as  in  tendon  trans- 
plantation, the  peripheral 
functionless  end  of  a  nerve 
has  been  anastomosed  with  a 
bundle  of  a  normal  nerve  separated  from  the  others,  or  with  the  central 
end  of  a  completely  transversely'  severed  nerve  whose  function  was  not 
indispensable. 

Whenever  possible,  a  so-called  paraneural  suture  ought  to  be  performed 
with  a  round,  so-called  intestinal  needle  and  fine  silk,  taking  and  uniting 
only  the  perineural  connective  tissue.  In  large  nerves  this  is  quite  feasi- 
ble, but  in  smaller  ones  the  nerve  substance  itself  must  be  taken,  lest 
the  threads  tear  out.  In  many  cases  it  will  become  necessary,  after 
having  placed  a  few  perineural  stitches  to  put  a  few  extra  transversal 
stitches.  In  nerves  either  transversely  severed  or  in  which  after  a  con- 
tusion the  continuity  is  interrupted  by  a  fibrous  band,  the  ends  are  to 
be  exposed,  freed  out  from  the  fibrous  mass  (neurolysis),  eventually  ex- 
cised. Bruns  has  given  two  principal  methods  applicable  to  such  cases 
(Fig.  85).     In  Fig.  85,  is  illustrated  the  technique  generally  adopted 


Fig,  86. 
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after  a  nerve  crushing  without  complete  destruction  of  the  continuity. 
On  the  central  stump  there  is  usually  a  swelling  due  to  the  irregular 
sprouting  of  young  nerve  fibres.  In  such  a  case,  in  order  to  bring  again 
together  the  widely  distant  nerve  ends  without  excising  the  connective 
nerve  tract,  Bruns  splits  lengthwise  said  tract  (Fig.  85,  a),  and  the 
incision  on  both  sides  goes  deep  enough  to  reach  into  the  healthy  nerve 
tissue.  The  longitudinal  incision  is  drawn  transversely  until  it  forms  a 
transversal  slit,  so  that  the  sound  ends  of  the  nerve  come  in  contact  one 
with  the  other.  The  fibrous  parts  are  stitched  together,  as  is  shown  in 
Fig.  85,  6.  The  second  method  applies  as  well  to  completely  severed 
nerves  as  to  those  the  ends  of  which  remain  united  by  a  fibrous  strip. 
First,  excision  of  the  fibrous  mass,  then  splitting  into  two  equal  halves 
of  the  knoblike  central  end  down  into  normal  tissue,  cutting  of  the  pe- 
ripheral end  so  as  to  have  it  present  a  wedgelike  shape,  and  implantation 
into  the  central  end,  and  finally  suture  as  represented  (Fig.  85,  c),  with 
a  number  of  sutures,  most  of  them  perineural.  The  suture  is  most  safely 
performed  with  round  (so-called  intestinal)  needles  and  fine  silk,  but 
when  non-resorbable  material  is  used,  disturbances  occasionally  arise 
therefrom.  Thus  Neugebauer  reports  that  after  a  suture  of  the  facial 
nerve  with  iodoform  silk,  a  tic  convulsif  developed.  I  have  seen  the  same 
happen  after  an  injury  to  the  same  nerve  without  any  suture  at  all. 
In  V.  Eiselsherg's  clinic,  fine  iodin  catgut  is  used  for  suturing. 

To  prevent  the  blending  of  the  sutured  nerve  with  the  neighboring 
structures,  tubular  guides,  made  out  of  different  substances,  have  been 
brought  into  use.  Brtins  employed  as  such  small  tubes  of  decalcified 
bones ;  Gluck,  small  fragments  of  bloodvessels ;  Payr,  small  tubes  of  mag- 
nesium; Lotheisen,  small  gelatin  tubes  hardened  in  formalin.  Of  all 
these  resorbable  tubular  appliances,  Lotheisen's  gelatin  tubes  seem  to  me 
best  adapted  for  the  purpose.  After  excision  of  the  connecting  fibrous 
mass  or  freshening  of  both  nerve  ends,  and  denudation  of  the  trunk  on  a 
few  centimetres  on  each  side  down  and  up,  one  of  the  ends  is  introduced 
into  the  tube;  next  the  nerve  suture  is  executed,  the  tube  is  made  to  slide 
down  over  the  suture  and  fastened  with  a  few  fine  catgut  stitches  passed 
through  some  of  the  lateral  holes  of  the  tube  and  the  perineurium.  The 
earlier  the  nerve  suture  is  performed,  the  quicker  also  will  the  function 
return.  In  late  reunions  a  very  long  time  is  required,  extending  some- 
times over  many  months.  Often  the  function  has  already  returned  when 
the  muscle  cannot  yet  be  made  to  contract  by  electrical  excitation  of  the 
nerve.  Massage  and  faradization  must  efficiently  aid  to  restore  the 
function. 

Neurolysis  has  also  sometimes  been  performed  as  an  independent  opera- 
tion; for  instance,  by  Hildebrand  on  the  median  nerve  in  cases  of  ische- 
mic contracture  of  the  muscles  of  the  forearm.  He  freed  out  the  nerve 
from  the  fibrous  muscular  mass,  severed  it,  placed  it  under  the  fascia  and 
sutured  it  again,  with  good  success  in  a  few  cases. 

A  plastic  operation  on  nerves  has  sometimes  been  successfully  at- 
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Fig.  86. — i  nat.  size. 


Fig.  87.— i  nat  size. 


tempted  in  the  following  way:  From  the  central  or  peripheral  end  a  strip 
is  detached  in  such  a  way  that  its  end  remains  connected  with  the  nerve 
trunk,  rotated  180°,  and  sutured  to  the  other  nerve  end.  The  substitution 
of  catgut  or  silk  bundles  for  lost  segments  of  nerve  is  only  a  very  poor 
makeshift 

Division  and  Reunion  of  Bones 

When  dividing  a  bone  we  strive,  whenever  possible,  to  spare  the 
periosteum,  because  it  is  the  chief  agent  of  union,  and  even,  in  case  of 
destruction  of  the  bone,  can  re- 
generate the  whole  missing  part. 
The  bones  of  young  subjects  can 
often  be  divided  across  neatly 
with  a  strong  bone  knife.  But, 
more  frequently,  we  must  resort 
for  the  section  to  the  chisel  or 
the  saw.  The  separation  of  the 
bone  from  the  periosteum  is  ef- 
fected with  elevators  or  raspa- 
tories (Figs.  86  and  87).  Ele- 
vators have  blunt  ends  and  tear 

the  periosteum  away  from  the  bone  so  that  parts  of  the  innermost, 

osteogenic,  layer,  which  is  the  essential  element 
of  the  new  production  of  bone,  remain  on  the 
bone.  On  the  contrary,  raspatories  are  rather 
sharp,  and  divide  the  periosteum  more  in  the 
outermost  layers  of  the  bone,  and  therefore 
injure  its  function  much  less.  General  rules  as 
to  when  raspatories  and  when  elevators  ought 
to  be  selected  can  hardly  be  given.  The  ele- 
vator is  the  more  universal  instrument;  the 
raspatory  is  suitable  for  very  many  less  com- 
mon cases.  Two  different  models  of  chisels,  in 
different  widths,  must  be  on  hand,  which  we 
usually  call  the  bursting  and  the  cutting  chisel, 
according  to  the  shape  of  their  ground  edge 
(Fig.  88, 1  and  II).  The  difference  between  the 
two  is  made  plain  by  the  illustration.  The  more 
slender  the  edge  of  the  cutting  chisel,  the  more 
it  acts  in  the  same  way  as  a  knife,  but  also  the 
more  easily  does  the  edge  break;  the  more 
abruptly  the  chisel  tapers  at  the  end,  the  more 
it  works  as  a  wedge  and  becomes  more  like  the 
other  kind,  i.e.,  the  bursting  chisel.  It  acts  as 
Fig.  88.  a  wedge  and  loosens  bony  particles  from  their 
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connections.  Where  this  does  not  matter,  when  it  is  not  absolutely 
essential  to  save  as  much  bone  tissue  as  possible,  we  use  the  much  more 
resistant  bursting  chisel,  which  is  also  often  called  sculptor's  chisel.  As 
driving  agent  for  the  chisel,  we  employ  strong  wooden  hammers  of  soft 
poplar  wood,  as  we  prefer  these  to  metallic  hammers  and  those  made 
out  of  hard  wood  (box  wood),  which  are  sometimes  even  filled  with  lead. 


The  handling  of  chisel  and  hammer  must  be  practised,  and  only  time 
will  teach  how  to  estimate,  from  the  greater  or  lesser  resistance  per- 
ceived through  the  hammer,  the  depth  which  has  been  reached,  and  how 
to  judge  of  the  thickness  of  bone  yet  to  be  severed,  and  to  regulate  for 
the  best  effect  the  strength  of  each  blow  of  the  hammer.  To  gain  access 
to  the  desired  bone,  the  overlying  soft  parts  must  be  divided  layer  by 
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layer.  Only  in  those  places  where  it  is  certain  that  no  important  struct- 
ures can  be  injured  is  the  point  of  a  bone  knife  thrust  directly  through 
the  soft  parts  and  the  periosteum  down  to  the  bone  (for  instance,  along 
the  anterior  tibial  crest,  the  lower 
part  of  the  femur  when  attacked 
from  in  front,  the  ribs).  The 
incision  is  made  as  if  the  end  of 
the  knife  was  in  the  groove  of  a 
director,  and  all  soft  parts  down 
to  the  bone  are  cut  through  by 
one  single  stroke.  A  convenient 
way  to  prevent  slipping  of  the 
soft  parts  is  to  place  on  each  side 
of  the  future  line  of  section  the  Fig.  91. 

thumb  and  index  finger  of  the  left 

hand,  and  to  press  with  them  the  soft  parts  against  the  underlying  tissues. 
An  elevator  is  immediately  inserted  along  the  knife  in  the  periosteal  slit, 
and  the  periosteum  lifted  on  one  side  till  the  middle  of  the  posterior  cir- 
cumference is  reached.     (See  Fig.  89,  in  which,  for  the  sake  of  clearness, 


Fig.  92. 

the  soft  parts  are  pulled  apart.  In  reality,  we  could  see  only  the  perios- 
teal slit  in  the  depth  of  the  wound  while  all  other  soft  parts  would  retain 
their  connections  with  the  periosteum.)  Another  elevator  performs  the 
same  oflfice  on  the  other  side  (Fig.  90).  By  using  strongly  curved  eleva- 
tors, the  two  are  made  tc  meet  by  their  points  behind  the  bone  (Fig.  91). 
If  now  we  depress  simultaneously  the  handles  of  both  elevators,  the  inci- 
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sion  of  the  soft  parts  and  the  periosteal  slit  widen  strongly,  and  at  the  same 
time  the  stretching  of  the  tissues  stops  almost  completely  whatever  bleed- 
ing may  ooze  from  divided  vessels.  In  the  gaping  periosteal  slit  a  cutting 
chisel,  about  as  wide  as  the  bone,  is  then  inserted  and  driven  either  per- 
pendicularly or  obliquely  through  the  bone  until  there  remains  only  a  thin 
layer  of  bone  near  the  posterior  circumference,  which  layer  is  either 
broken  or  divided  transversely  with  a  narrow  chisel  {straight  and  oblique 
osteotomy).  Injury  to  the  soft  parts  lying  behind  the  bone  is  efficiently 
prevented  by  the  two  elevators  remaining  in  their  former  position.     If  a 


M.   -Curved 

Luer  Rongeur. 


Fig.  95.  -Straight 
Luer  Rongeur. 


Bone-cutting  For- 


wedge  is  chiselled  off  the  continuity  of  the  bone,  then  a  cuneiform  oste- 
otomy has  been  performed.     (See  Hallux  valgus. ) 

As  to  the  choice  of  the  line  of  section,  transversal  or  oblique  relatively 
to  the  long  axis  of  the  bone,  in  the  correction  of  bone  curvatures,  I  have 
drawn  the  accompanying  diagrams,  following  Koenig's  teaching.  In  Fig. 
92,  the  upper  row  shows  the  curved  bones  with  periosteum  and  different 
directions  of  chisel  incisions.  If  the  straightening  of  the  bone  is  effected 
after  an  incision  directed  as  that  in  a,  the  peripheral  end  would  very 
easily  get  displaced  laterally  and  longitudinally,  with  subsequent  shorten- 
ing. In  6  (section  with  the  chisel  in  an  absolutely  perpendicular  direc- 
tion), there  persists  in  the  favorable  cases,  where  the  bones  remain 
coapted  on  the  convex  side,  a  very  wide  gap,  which  fills  only  very  slowly 
with  callus;  while  after  the  straightening  by  means  of  the  incision  figured 
in  c,  only  a  very  moderate  gap  results,  and  a  greater  lateral  displacement 
is  prevented  by  the  sharp  point  formed  on  the  convex  side  resting  on  the 
other  fragment,  and  eventually  penetrating  in  the  marrow  cavity  of  the 
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latter.  We  hold  this  last  direction  of  incision  to  be  the  right  one,  and, 
contrary  to  other  surgeons,  we  always  use  it  in  linear  osteotomies,  and 
also  in  subtrochanteric  osteotomy. 

To  open  the  marrow  cavity  of  a  bone,  and  to  remove  parts  of  bone,  we 
use  chiefly  the  bursting  chisel.  With  the  latter,  the  piece  of  bone  to  be 
removed  is  outlined  above,  below,  and  on  both  sides  by  the  chiselling  in 
the  bone  of  a  groove  a  few  millimetres  deep.  It  is  best  to  mark  the  upper 
and  lower  limits  by  a  well-formed  groove,  while  the  lateral  limits  may  be 
cut  directly  with  the  sharp  edge  of  the  chisel.    Practically,  the  trans- 


FiG.  97. 

versal  cuts  must  always  be  made  first  so  as  to  avoid  an  extension  beyond 
the  desired  length  of  the  longitudinal  fissures  produced  by  the  chiselling 
of  the  bone  along  its  long  axis.  After  the  field  has  been  thus  delimited, 
it  becomes  possible  in  most  cases  to  drive  the  chisel  into  one  of  the  trans- 
versal grooves,  and  to  lift  up  the  whole  piece  of  bone,  thus  opening  the 
medullary  cavity.  Many  surgeons  use  for  the  opening  of  the  latter  (which 
operation  is  also  often  called 
trephining),  the  more  costly 
concave  chisels,  which  are 
much  more  difficult  to  sharpen, 
and  whose  edge  chips  off  very 
easily. 

Short  tubular  bones  can  also 
be  divided  in  a  fairly  straight 
manner  by  using  Listcm's  sharp 

bone-cutting  forceps  (Fig.  95).  But  against  this  forceps  may  be  said 
that  it  crushes  more  than  it  cuts.  For  widening  openings  already  made 
in  a  bone,  and  removing  superfluous,  sharp  spicules  of  bone,  Liler^s  bone 
rongeur,  either  with  straight  or  curved  branches  (the  latter  model  partic- 
ularly suitable  to  cut  in  deep  wounds)  will  be  found  extremely  simple  to 
handle.  Flat  bones,  such  as  ribs,  are  generally  divided  with  scissorlike 
instruments.     (See  Resection  of  ribs.) 


Fig.  98. 
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Next  to  the  chisel,  the  saw  is  the  most  important  instrument  for  the 
neat  division  of  bones.  The  quickest  to  work  with  are  the  so-called  frame 
saws,  among  which  the  Helferich  model,  modified  by  Bier,  satisfies  com- 
pletely the  most  exacting  demands  (Fig.  98).  In  A  is  drawn  the  lock 
of  the   saw,  which   allows   of  the  placing   of  the  blade  at   different 


Nat.  size. 


I.  nat.  size. 


i  nat.  size. 


Fig.  99.—Gigli'8  Wire  Saw. 


^  nat.  size. 
Fig.  100.— Braatz' 8  Guides. 


angles  relatively  to  the  frame.  By  using  narrow  blades  and  adjusting 
them  in  different  directions  relatively  to  the  frame,  one  can  cut  curved 
parts  as  with  a  fret-saw,  and  also  use  these  saws  when  it  is  desired  to 
shave  off  superficial  slices  from  long  bones,  which  was  absolutely  impos- 
sible with  the  old  models  of  frame  saw.     Fig.  97  shows  the  successive 


Fig.  101. 


phases  of  the  use  of  the  Bier  saw  to  that  effect.  The  arrow  and  the  lock, 
figured  on  a  larger  scale,  show  the  position  of  the  blade  in  these  succes- 
sive phases. 

Enough  stress  cannot  be  laid  on  the  fact  that,  when  sawing  with  a 
frame  saw,  no  pressure  must  be  exerted  on  the  blade,  as  otherwise  the 
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teeth  certainly  get  caught,  especially  in  cases  of  hard  bones,  and  the  saw 
remains  stuck  fast  On  the  contrary,  the  saw  must  be  lightly  guided, 
and  worked  essentially  by  pulling.  If  we  want  to  saw  deep  and  do  not 
have  much  space  for  motion,  the  so-called  keyhole  saw  (Fig.  98)  comes 
in  handy,  though  it  is  held  in  great  abhorrence  by  many  a  surgeon.  (See 
Resection  of  the  hip.)  Gigli's  wire  saw  meets  the  same  requirements  as 
the  keyhole  saw,  and  has  taken  the  place  of  the  formerly  employed  chain 
saw,  which  could  not  be  cleaned  at  all  and  was  always  in  need  of  repair- 
ing. We  use  GigWs  saw  in  all  cases  where  a  bone  is  to  be  divided  in  a 
straight  line  from  the  depth  toward  the  surface,  and  the  space  available 
to  carry  out  this  procedure  is  limited.     GigWs  saw  is  a  steel  wire  grooved 


Fig.  102,—Lang€nb€ck'8  Fig.  lOS.— Ferguson* s  Bone 

Bone  Forceps,  ^  nat.  size.  Forceps,  i  nat.  size. 

spirally,  and  provided  at  each  end  with  an  eye,  in  which  a  handle  is  hooked 
(Fig.  99),  after  the  saw  has  been  passed  around  the  bone  denuded  of  its 
periosteum  by  means  of  any  kind  of  instrument  devised  for  the  purpose, 
such  as  Roser^s  or  Deschamp^s  blunt  hooks  (see  Ligature  of  bloodvessels), 
or  any  bent  grooved  director  (see  also  Trephining),  or  Br aatz's  guides 
(Fig.  100).  In  Fig.  101,  the  incorrect  (a)  and  the  correct  (6)  way  of 
using  the  saw  are  illustrated.  The  flatter  the  saw  is  held,  the  better  it 
cuts;  the  sharper  the  angle,  the  greater  the  risk  of  breaking  the  saw. 
Naturally  the  soft  parts  must  be  protected  against  injury  by  being  pulled 
out  of  the  way  with  suitable  retractors.  When  sawing,  one  must  utilize 
the  whole  length  of  GiglVs  saw,  otherwise  the  part  used  gets  overheated, 
and  breaks  easily. 

The  division  of  the  skull-bones  forms  a  special  chapter,  and  will  be 
foimd  in  the  chapter  on  Trephining. 

To  grasp  bones,  we  use  the  so-called  bone  forceps.  Fig.  102  shows 
Larigenbeck's,  Fig.  103  Ferguson's. 
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Plastic  Closure  of  Bone  Cavities 

The  cavities  resulting  from  operations  on  bones  always  create  great 
difficulties.  In  the  soft  parts  we  can  always  secure  closure  of  a  cavity 
through  drainage,  buried  sutures,  or  open  wound  treatment ;  but  the  rigid 
bone  walls  do  not  allow  of  approximation  and,  besides,  they  produce  so 
little  tissue  that  the  healing  by  granulation,  when  it  happens,  requires  a 
very  long  time.  Therefore,  attempts  have  been  made  to  fill  the  holes  with 
living  tissue  taken  from  the  patient  himself  (autoplasty ) ,  or  with  dead, 
resorbable,  or  non-resorbable  tissue  (heteroplasty).  Schede^s  method  of 
healing  ** under  a  blood  scab,"  consisted  in  letting  the  cavities  fill  up  with 
blood,  and  in  closing  the  soft  parts  hermetically  on  top.  The  blood  was 
supposed  to  organize  as  a  thrombus,  and  to  be  replaced  by  connective 
tissue.  But  this  happens  only  in  case  of  a  perfectly  aseptic  cavity,  and 
such  favorable  conditions  are  rarely  met  with.  When  there  remains  in 
the  bone  cavity  even  only  a  very  small  number  of  bacteria,  the  latter  find 
in  the  blood-clot  an  excellent  culture  medium  and  pus  forms.  In  many 
cases  we  may  succeed  by  planing  off  the  lateral  walls  of  the  cavity,  in 
changing  the  shape  of  the  latter  so  that  it  does  not  form  a  deep  sinuous 
fissure  any  longer,  but  a  shallow  trough,  into  which  the  outer  soft  parts, 
together  with  the  periosteum,  may  be  inverted.  Whenever  practicable, 
this  method  is  the  safest  and  the  best.  The  resulting  scars,  at  first  deeply 
drawn  in,  raise  in  course  of  time  to  a  level  with  the  surrounding  skin  as 
a  consequence  of  bone  and  connective-tissue  neoformation.  The  intro- 
duction in  the  bone  cavity  of  a  skin  flap,  with  which  the  walls  are  lined 
carefully  (Neuber),  is  also  frequently  followed  by  good  success.  Further- 
more, flaps  of  periosteum  and  bone,  either  free  or  still  connected  with 
the  surrounding  structures,  have  been  implanted  into  the  bony  defect 
(MuUer),  and  healing  resulted;  but  these  methods,  especially  MuUer^s 
free  autoplasty,  require  an  almost  completely  aseptic  bone  cavity.  (See 
Treatment  of  spina  ventosa.)  The  same  is  the  case  with  the  heterotopic 
processes  with  decalcified  (Senn),  thoroughly  heated  (Marchand),  or  ma- 
cerated bones,  processes  which  always  carry  with  themselves  the  draw- 
back of  leaving  behind  small  dead  spaces  leading  easily  to  suppuration. 
The  persistence  of  such  dead  spaces  is  prevented  with  Mosetig's  filling  of 
the  bones  with  a  mixture  of  iodoform  and  spermaceti.  At  the  same  time 
the  latter  mixture  effects  a  sort  of  permanent  disinfection,  and  causes  a 
strongly  proliferative  irritative  action  on  the  neighboring  parts.  And, 
last,  the  filling  has  the  advantage  of  undergoing  resorption  in  time,  but 
very  slowly,  and  without  any  risk  of  iodoform  poisoning.  In  order  to  get 
good  results,  we  must  follow  exactly  Mosetig's  precepts,  which  I  repeat 
here  in  extenso  from  his  latest  publications.  The  filling  is  thus  prepared, 
all  antiseptic  precautions  having  been  observed  as  to  chemicals,  containers, 
and  hands  of  the  workers:  Equal  parts  of  spermaceti  and  sesam  oil  are 
melted  together  in  a  porcelain  capsule,  filtered  in  a  glass  balloon,  and 
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sterilized  in  a  water-bath.  Next,  40  grams  of  very  finely  pulverized,  but 
not  crystallized,  iodoform  are  introduced  into  a  sterile  glass  vial  and  60 
grams  of  the  hot,  fatty  menstruum  are  added,  the  mixture  being  inces- 
santly shaken.  The  shaking  must  continue  uninterruptedly  till  the  mass 
becomes  solid.  The  point  of  fusion  varies  between  43°  and  48°  C.  So  as 
to  render  possible  the  shaking,  the  glass  phial  must  not  be  more  than 
three-fourths  full.  The  container  is  closed  with  a  sterile  rubber  stopper. 
The  iodoform  cannot  be  exposed  to  a  higher  temperature  on  account  of 
the  possibility  of  its  splitting  and  liberating  free  iodin.  When  cold,  the 
filling  is  a  yellow,  solid,  friable  mass,  in  which  if  the  preparation  has  not 
been  correctly  made,  the  iodoform  has  sunk  to  the  bottom.  Just  before 
being  used,  the  mixture  must  be  warmed  in  a  water  bath  or  in  a  specially 
devised  thermophore,  up  to  about  50°  C,  and  not  higher.  When  intro- 
duced into  the  cavity,  the  mass  solidifies  in  a  few  minutes.  Artificial 
means  of  cooling  are  superfluous.  The  remainder  of  the  filling  is  again 
assiduously  shaken  till  solid. 

The  bone  cavity  must  be  thoroughly  prepared  before  receiving  the  fill- 
ing. All  diseased  parts  must  be  most  scrupulously  removed.  The  walls 
must  be  freshened  with  instruments,  for  which  purpose  concave  chisels, 
sharp  scoops,  and  drills  are  mostly  employed.  The  destruction  of  bony 
walls  in  front  of  recesses  is  effected  with  straight  or  angulated  chisels, 
or  by  means  of  small,  electrically  driven,  circular  saws.  Diseased  bone 
foci  must  be  excised  till  sound  tissue  is  reached.  Only  a  complete  renova- 
tion of  the  walls  of  the  cavity  insures  asepsis.  Irrigations  with  antisep- 
tic solutions  alone  are  insuflficient,  as  is  also  the  cautery.  Still,  when  the 
cleaning  is  finished,  just  before  the  filling  is  poured  in,  a  flushing  with  a 
1%  formalin  solution  may  be  given  so  as  to  remove  the  fine  bone  particles. 
Then  the  cavity  is  dried  with  gauze,  eventually  even  with  a  hot-air  blower, 
as  is  used  for  hot-air  massage,  until  the  bony  walls  have  lost  all  moist, 
shining  appearance.  Whenever  possible,  artificial  anemia  must  not  be 
resorted  to. 

The  shape  of  the  hole  does  not  matter,  but  it  must  be  filled  completely. 
In  deep  lateral  fissures,  for  instance,  in  the  thigh,  several  steps  are  re- 
quired for  the  filling.  First,  the  limb  being  raised,  the  proximal  segment 
is  filled;  next,  the  limb  being  lowered,  the  distal,  and  finally  the  middle 
segment,  the  limb  remaining  horizontal. 

In  order  to  take  up  the  filling  well,  the  cavity  must  have  not  only 
healthy,  fresh,  and  aseptic  walls,  but  it  must  also  be  dry ;  because  any 
trace  of  moisture  might  prevent  the  absolutely  exact  moulding  of  the 
mass,  its  penetration  in  all  crevices  and  furrows  and  in  all  the  orifices  of 
Haversian  canals,  and  jeopardize  the  final  success.  All  bleeding  must 
be  stopped  (pressure,  sponging  with  suprarenin  solution).  Bleeding 
from  the  overlying  soft  parts  must  naturally  be  checked  also  com- 
pletely, once  the  filling  is  ended.  While  this  is  being  done,  the  filling 
is  protected  with  a  piece  of  aseptic  rubber  tissue  and  a  sterile  gauze 
compress. 
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Results  from  Mosetig^s  method  have  been  satisfactory  even  when  a 
complete  closure  of  the  soft  parts  could  not  be  obtained. 


Suture  of  Bones 

The  suture  of  bones  is  to-day  frequently  performed,  as  well  after  a 
surgical  section  of  bones  as  after  recent  or  old  fractures.  As  suture 
material,  we  use  strong  catgut,  silk,  silver,  or  aluminum  bronze  wire, 
and  Vienna  wire.  Catgut  has  the  disadvantage  of  frequently  being 
absorbed  too  early,  before  a  resistant  bone  scar  has  had  time  to  develop. 
Silver  wire  breaks  easily,  the  loops  occasionally  open,  and  generally  after 
a  few  months  X-ray  examinations  show  the  silver  wire  fragmented  in 
many  pieces.  Alumindm  bronze  is  fairly  resistant.  The  recently  recom- 
mended Vienna  wire  seems  to  meet  best  all  requirements,  because  it  has 
tensile  strength,  is  flexible,  and  is  easy  to  tie.  In  most  cases,  holes  must 
be  drilled  through  the  bone,  through  which  the  sutures  are  passed.  These 
holes  are  made  with  gimletlike  instruments,  either  the  ordinary  bone 
drills,  or  the  boring  instruments  of  Doyen,  or  the  very  satisfactory  StiUe 
drill  (see  Trephining),  or  the  electrical  drill. 

If  we  are  compelled  in  an  operation  to  divide  a  bone,  I  advise  to  bore 

the  holes  necessary  for  suture  on  each  side  of  the 
line  of  section  before  using  the  saw.  How  this  must 
be  performed  in  particular  cases  in  order  to  secure 
an  exact  adaptation  of  the  sawed  surfaces  is  described 
with  the  corresponding  operation  (see,  for  instance, 
Resection  of  lower  jaw).  Fig.  .104  shows  a  good 
method  to  obtain  with  a  bone  suture  a  firm  coaptation 
of  bones  divided  obliquely. 

Recent  fractures  must  not  be  sutured  immedi- 
ately after  the  trauma,  but  about  one  to  two  weeks 
later,  as  experience  has  shown  the  best  results  to  be 
thus  obtained  {Fritz  Koenig),  In  older  fractures,  the 
bone  ends  must  be  freed  from  the  adherent  fibrous  mass,  great  care  being 
taken  to  spare  the  periosteum,  and  so  prepared  that  the  largest  possible 
bony  surfaces  may  be  brought  in  apposition.  In  all  cases  of  bone  suture, 
a  careful  asepsis  is  very  important.  Enough  emphasis  cannot  be  laid  on 
Koenig' 8  rule  to  keep  the  fingers  out  of  the  wound.  In  fact,  bone  sutures 
of  any  kind  can  be  performed  with  instruments  provided  with  long 
handles,  sharp  bone  hooks,  elevators,  bone  forceps,  without  it  being 
necessary  to  bring  the  fingers  in  immediate  contact  with  the  wound. 
We  have  always  been  able  to  easily  introduce,  by  means  of  a  long  dissec- 
tion forceps,  the  wires  in  the  eyes  of  the  bone  drills. 

When  knotting  the  wire,  we  must  never  rely  on  this  knotting  alone  to 
bring  together  the  extremities  of  the  bone  fragments,  because  the  strong 
pulling  would  make  the  wire  snap  easily  or  the  holes  tear  out.  Let  us 
always  first  bring  together  the  sawed  surfaces  with  hooks,  forceps,  or 


Fig.  104. 
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similar  instruments,  and  tie  only  after  this  has  been  done  (see  illustra- 
tions for  suture  of  the  knee-cap). 

Silver  or  aluminum  bronze  wire  is  twisted  with  a  forceps.  The  inter- 
twined ends  are  cut,  not  too  short,  and  pressed  flat  against  the  bone. 
The  twisting  of  wires  with  a  special  twister  such  as  is  mentioned  in 
the  paragraph  on  Suture  of  the  palate,  is  only  applicable  to  very  fine 
wires.  Vienna  wire  can  be  tied  just  as  a  catgut  or  silk  thread,  and 
therefore  the  risk  of  premature  loosening  of  the  wire  loop  is  done 
away  with. 

Besides  suture,  there  are  still  numerous  other  methods  of  bringing 
together  again  divided  bones.  Pegging  with  ivory  rods  driven  into  holes 
previously  drilled  is  now  only  seldom  resorted  to.  On  the  contrary,  we  use, 
rather  frequently,  steel  nails  to  unite  sawed  bony  surfaces  (see  Pirogoffs 
osteoplastic  amputation  of  the  foot  and  GrittVs  method  for  the  knee. 
Of  course,  nails  of  that  kind  must  be  removed  and,  consequently,  be  long 
enough  to  protrude  through  the  wound  or  the  skin.  Nails  made  out  of 
the  resorbable  metal  magnesium  (Payr)  are  not  very  resistant.  Steel 
and  magnesium  clasps  (Gicssenbaur,  Payr)  have  also  been  often  applied 
to  the  reunion  of  bones  (Fig.  105).  Holes  must  be  first  bored  in  the  bone 
in  the  places  where  the  fasteners  will  be  placed;  but  the  cross  section  of 
these  holes  must  be  somewhat  smaller  than  that  of  the  clasps.  To  drive 
the  fastener  in  place  a  metallic  hammer  is  used,  and  alternately  one  and 
the  other  spike  is  slowly  driven  into  the  bone.  It  is  best  not  to  hammer 
directly  on  the  spike,  but  to  use  a  chisel-like  instrument  provided  on  one 
end  with  a  hammering  surface  and  on  the  other  with  a  notch 
in  which  the  angle  of  the  clasp  fits  very  exactly.  Payr  has 
also  proposed  perforated  magnesium  plates  which  mould  ex- 
actly the  shape  of  the  bone,  bridge  the  gap,  and  are  screwed 
on  both  sides  by  means  of  magnesium  screws  in  holes  drilled  fig.  105. 
into  the  bone.  Lambotte  (L'intervention  op6ratoire  dans  les 
fractures,  Brussels,  Lamartine,  1907)  has  grouped  together  a  vast  col- 
lection of  instruments,  forceps,  levers,  nails,  clasps,  bridges,  and  screws, 
and  has  explained  exactly,  in  the  above-named  book,  the  use  of  each  of 
them. 

Long,  hollow  bones  have  also  been  united  by  means  of  pieces  of  living 
bone  covered  with  periosteum,  or  also  pieces  of  decalcified  or  heated 
bone,  which  were  introduced  upward  and  downward  in  the  bone  mar- 
row cavity.  Lexer  has  devoted  particular  attention  to  plastic  bone  oper- 
ations of  that  kind,  and  advises  to  scrape  off  the  marrow,  as  it  undergoes 
necrosis  and  then  spoils  very  easily  aseptic  healing,  and  to  fill  the  cavity 
with  Mo8etig*8  iodoform-spermaceti  mixture.  Axhausen  believes  that 
his  animal  experiments  allow  him  to  advise  to  open  the  medullary  cavity 
on  its  whole  length  on  one  side,  as  thus  the  marrow  remains  alive  and 
can  take  an  important  part  in  the  formation  of  new  bone.  Fragments  of 
bone  and  periosteum  still  attached  by  a  pedicle  and  taken  from  one  end  of 
the  bone  have  also  been  frequently  used  to  bridge  over  the  bony  gap,  in 
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the  same  way  as  in  plastic  operations  with  free  periosteum-and-bone 
pieces.  Always  during  the  iirst  days  a  dressing  which  holds  the  parts 
veiy  exactly  in  place  must  be  applied;  but  it  must  not  stay  too  long;  on 
the  contrary,  early  motion,  as  early  as  the  fifth  or  sixth  day,  seems  to 
promote  rather  than  hinder  union.  As  a  more  precise  description  of  all 
methods  put  forward  for  bone  reunion  would  alone  fill  a  book,  it  cannot 
be  undertaken  here. 

There  still  remains  something  to  be  said  about  the  instruments  which 
-we  use,  after  division  of  the  soft  parts,  to  facilitate  the  access  of  the 


operative  field,  especially  in  the  deeper  sections.  According  to  the  depth 
at  which  we  are  operating,  we  need  retractors  which  may  fasten  different 
depths  or  widths  of  tissues.  Those  provided  with  sharp  prongs  <Fig.  106, 
4  to  6)  serve  only  to  pull  apart  the  skin  and  the  subcutaneous  tissue, 
while  we  draw  on  the  side  fascia,  muscles,  tendons,  nerves,  bloodvessels, 
and  the  internal  organs  with  retractors  having  different  kinds  of  rounded 
ends  (Fig.  106,  2).  The  retractor  shown  in  Fig.  106,  1,  is  the  one 
devised  originally  by  v.  Langenbeck  for  resections  of  the  hip,  but  which 
is  very  suitable  for  many  other  purposes.  Fig.  106,  3,  shows  a  sharp 
bone  hook,  so  strong  and  pointed,  that,  when  implanted  even  in  the  cor- 
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tical  parts  of  a  bone,  it  does  not  slip,  and  withstands  the  strongest  pull- 
ing. Like  all  our  other  instruments,  they  are  provided  with  a  long  stem 
and  a  long  handle,  so  that  the  hands  of  the  assistants  holding  these  hooks 
block  as  little  light  as  possible  and  remain  far  from  the  wound.  Other 
retractors  particularly  devised  for  operations  in  the  cavities  of  the  body 
are  figured  with  these  operations. 


IV.    Surgery  of  the  Bloodvessels 

(a)  Generalities 

The  control  of  bleeding  in  wounds  and  during  operations  is  one  of  the 
most  important  tasks  of  the  surgeon.  The  less  blood  the  patient  loses, 
the  lighter  also  will  be  the  reaction  of  the  operation  on  the  organism ;  but 
the  care  to  save  blood  must  not  go  too  far  and  increase  unnecessarily  the 
length  of  an  operation.  Certainly  there  are  operations  in  which  all 
bleeding  must  be  stopped  at  once  so  as  not  to  dim  anatomical  relations; 
but,  on  the  other  hand,  there  are  many  operations  which  would  last 
hours  if  we  wanted  to  grasp  and  tie  immediately  every  vessel  just  after 
it  has  been  severed.  In  the  latter  respect,  I  have  particularly  in  mind 
the  removal  of  the  breast,  a  very  bloody  operation,  but  which  can  be 
executed  so  easily  and  so  quickly  that  we  can  well  delay  the  hemostasis 
until  the  mammary  gland  has  been  completely  removed.  It  is  very 
advantageous  for  the  patient  and  agreeable  for  the  physician  when,  by 
compression  of  the  main  afferent  artery,  all  loss  of  blood  may  be  pre- 
vented until  the  operation  itself  is  finished,  and  the  wound  lies  anatom- 
ically clear  before  our  eyes.     This  is  obtained  in  many  cases  by  means  of 

Temporary  Hemostasis,  i.e..  Operating  in  a  Bloodless  Field 

This  temporary  hemostasis  may  be  obtained  by : 

1.  Packing; 

2.  Digital  compression  of  the  afferent  vessel ; 

3.  Cording  placed  proximally  to  the  bleeding  point; 

4.  Circumferential  suture  of  the  operative  field. 

1.  Packing 

Packing  is  performed  with  large  sterile  gauze  compresses  firmly 
pressed  against  the  bleeding  surfaces,  or  stuffed  into  the  wound  cavity 
and  held  fast  therein,  either  with  the  hands  or  by  means  of  a  bandage. 
This  form  of  hemostasis  is  temporary  or  permanent:  temporary,  when  it 
is  followed  by  a  search  for,  and  the  ligation  of,  the  bleeding  vessels, 
which  must  always  be  done,  whenever  possible,  in  cases  of  bleeding  from 
large  arteries;  permanent,  when — either  because  the  bleeding  vessels 
could  not  be  found  or  because  they  are  so  numerous  and  small,  as  is  the 
case  in  parenchymatous  and  capillary  bleeding,  that  they  cannot  be  col- 
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lectively  tied  or  taken  in  a  suture — the  tampon  is  left  in  place  till  it  is 
dislodged  spontaneously  by  the  growing  tissues  or  granulations,  or  by  a 
very  gentle  traction.  Such  a  permanent  hemostasis  by  means  of  tam- 
ponade is  best  effected  in  large  wound  cavities  by  Mikulicz's  tent.  The 
latter  consists  of  a  quadrangular  piece  of  gauze  folded  three  or  four 
times — of  different  sizes  according  to  the  size  of  the  wound,  but  always 
large  enough  to  line  the  whole  wound  cavity  and  have  the  edges  still 
extend  on  all  sides  two  or  three  fingers'  breadth  beyond  the  wound.  In 
the  centre  a  strong  silk  or  cotton  thread  is  fastened.  This  gauze  bag  is 
grasped  in  its  centre  with  a  strong  vulsellum  forceps,  so  that  the  gauze 
falls  around  like  a  folded  umbrella:  the  thread  must  be  inside  the 
umbrella.  The  bag  is  then  introduced  in  the  wound  so  that  the  gauze  is 
lightly  applied  everywhere  on  the  walls  of  the  cavity,  and  so  that  a  light 
pressure  will  suffice  to  insure  a  thorough  lining  of  the  same.  The  cavity 
formed  by  the  gauze  bag  is  then  packed  so  tightly  with  long  strips  of 
sterile  gauze  or  with  a  broad  gauze  bandage  that  it  is  pressed  firmly  on 
all  sides  against  the  tissues  and  all  bleeding  is  stopped.  The  thread  is 
allowed  to  hang  out  of  the  tent.  On  top  is  applied  the  wound  dressing 
proper.  To  remove  the  bag,  the  order  of  steps  is  reversed.  First,  the 
gauze  packing  is  withdrawn;  at  each  change  of  dressing-one  may  begin 
on  the  third  day — a  strip  is  removed,  and  the  wound  cavity  shrinks  little 
by  little  correspondingly.  When  all  the  gauze  has  been  removed,  traction 
is  cautiously  exerted  on  the  thread  and  consequently  on  the  deepest  part 
of  the  bag,  which  will  be  also  the  first  to  be  drawn  out.  This  gives  the 
wound  a  chance  to  close  from  the  bottom  to  the  surface.  After  this,  the 
remaining  parts  of  the  tent  are  drawn  out  progressively.  Usually  no 
bleeding  follows  this  manipulation,  because  the  granulations  give  enough 
secretion  to  loosen  the  gauze;  but  if,  by  exception,  the  gauze  during  the 
second  week  should  be  so  adherent  that  its.  removal  is  accompanied  by 
bleeding,  a  spray  of  hydrogen  peroxide  may  be  found  helpful. 

For  aseptic  wound  cavities,  we  use  sterile  gauze,  but  iodoform  gauze 
for  suppurating  or  ichorous  cavities.  I  know  well  that  iodoform  has 
many  unpleasant  aspects — it  is  not  necessary  to  analyze  them  in  detail — 
but  iodoform,  as  Heile  has  conclusively  shown,  is  a  substance  which 
under  the  influence  of  living  tissues  develops  an  enormous  disinfecting 
power,  such  as  cannot  be  reached  with  any  of  the  other  substitutes, 
xeroform,  isoform,  vioform,  and  by  whatever  name  they  may  be  called. 
Particularly,  when  employed  in  wound  cavities  in  which  frequent  changes 
of  tampons  must  be  avoided  on  account  of  the  danger  of  bleeding  (I  shall 
give  as  example  only  the  resection  of  the  upper  jaw),  iodoform  gauze  left 
in  place  for  weeks  prevents  all  foul  and  offensive  smells,  which  would 
become  perceptible  after  24  hours  only  if  sterile  gauze  had  been  used  for 
the  packing,  on  account  of  the  putrid  secretion  from  the  wound.  Just  as 
strongly  as  I  oppose  the  use  of  iodoform  in  sterile  wounds  and  in  wounds 
which  will  remain  sterile,  and  in  staphylococcic  and  streptococcic  suppu- 
rations, just  as  strongly  must  I  advocate  iodoform  where  there  are  putre- 
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factive  zgents  and  where  we  have  to  deal  with  deep  wounds  to  which 
ztmosfhehc  air  finds  no  access. 

2.  Distal  Compressioo 

of  afferent  vessels  requires  a  good  anatomical  instruction^  but  is  in  case 
ot  necessity  an  excellent  way  of  checking  temporarily  dangerous  bleed- 
ing when,  for  some  reason  or  other,  cording  cannot  be  resorted  to.  But 
it  is  also  a  very  exhausting  undertaking,  and  cannot  be  continued  by  a 
single  man  for  more  than  one  or  two  hours,  even  when  the  right  and  the 
left  hand  are  used  alternately.  However,  it  must  be  preferred  to  com- 
pression with  the  antiquated  and  never  ready  when  n^^ied  screw  cush* 
ions  and  tourniquets.  The  places  where  digital  compression  ought  to  be 
performed  may  be  easily  deducted  from  the  position  of  the  vessel  itself 
(see  Ligation  of  vessels). 

3.  Cording 

G>rding  is  effected  either  with  Esmarch's  rubber  tube  or  the  woven 
rubber  bandage  (Figs.  107  and  108).  The  tube  must  be  long  enough  to 
encircle  twice  the  limb  and  is  provided  at  one  end  with  a  strong  hook, 
and  at  the  other  with  a  chain  with  eyes,  which  allow  it  to  be  fastened  in 
place.  It  compresses  extremely  tightly  and  safely,  but  exerts  a  very 
localized  pressure  and  causes  easily  in  limbs  little  protected  by  soft  parts, 
especially  muscles,  nerve  contusions  followed  by  temporary  or  even  last- 
ing palsies.  If  amputation  or  exarticulation  is  to  be  performed,  no  harm 
results,  and  under  those  circumstances  only  may  the  use  of  the  tube  be 
permitted  on  the  upper  extremities.  In  all  other  cases  the  woven  mbber 
bandage  which  presses  on  a  broad  surface  must  be  preferred.  Plain  rubber 
bandages  not  woven  over  with  cotton  or  silk,  when  stretched,  coil  together 
in  a  narrow  strip  exerting  a  localized  and  bruising  pressure  and  may  in- 
flict the  same  damage  as  the  rubber  tube.  But  if  they  are  wound  up  in 
the  manner  described  on  page  22  in  connection  with  Bier's  venous  anes- 
thesia, they  compress  safely  and  cause  little  pain,  but  have  the  drawback 
of  hiding  a  larger  part  of  the  limb. 

To  put  in  place  a  rubber  tube,  hold  firmly  the  limb,  lay  the  tube  across 
the  side  of  the  limb  farthest  from  the  operator,  grasp  with  the  right  hand 
the  hook  end  of  the  tube  directed  upward,  the  thumb  being  close  to 
the  hook  and  also  directed  upward;  with  the  left  hand,  thumb  directed 
downward  and  close  to  the  chain,  grasp  the  chain  end  of  the  tube 
hanging  downward,  in  such  a  manner  that  both  arms  cross  each  other 
between  the  limb  and  the  operator.  With  the  arms  in  such  a  position,  it 
becomes  easy  to  stretch  strongly  the  tube  and  to  carry  it  once  more 
around  the  limb  and  to  hook  the  chain  without  having  to  change  hands. 
Under  the  point  of  fastening  a  gauze  compress  is  inserted.  The  tube 
can  be  boiled,  an  advantage  over  the  woven  rubber  band.  Before  using 
it,  one  must  make  sure  that  it  has  not  also  become  brittle,  an  inconve- 
nience it  shares  with  all  rubber  goods.     To  remove  the  tube,  one  has 
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simply  to  bring  both  ends  a  little  nearer  together;  the  tube  unfastens  by 
itself. 

To  cord  with  the  woven  rubber  bandage,  we  use  a  bandage  of  that 
type  about  one  yard  long,  carrying  at  one  end  a  hook  and,  at  a  small 
distance  from  the  latter,  a  series  of  strong  metal  rings  separated  from 
each  other  by  intervals  of  1  or  1.5  inches  (Fig.  107).  The  hook  is 
fastened  to  a  strong  cross-bar  as  long  as  the  bandage  is  wide,  which  is 
itself  attached  to  the  end  of  the  bandage.  The  bandage  is  rolled  up  as 
is  shown  in  Fig.  107,  starting  from  the  end  opposite  the  hook — the  rings 
being  on  the  inner  side — till  there  is  left  a  terminal  segment  which  must, 
under  the  utmost  stretching,  be  long  enough  to  go  around  the  limb  about 
one  and  a  half  times.  The  free  end  is  laid  behind  the  limb  which  must 
be  corded,  grasped  with  the  left  hand  and  firmly  drawn  against  the  limb. 
It  is  important  when  using  the  woven  rubber  bandage  to  draw  this  first 
turn  very  strongly,  so  as  to  insure  a  complete  occlusion  of  the  afferent 
bloodvessels.  If  this  first  turn  is  too  loose,  as  happens  often  in  the 
hands  of  beginners,  frequently  all  subsequent  tractions  are  of  no  help,  a 
venous  stasis  persists  which  makes  the  constriction  perfectly  illusory,  even 
dangerous.  The  subsequent  turns  need  not  be  drawn  so  tight.  Finally, 
the  hook  is  inserted  in  the  nearest  ring.  I  find  this  method  of  fastening 
the  rubber  band  superior  to  the  others 
by  means  of  clasps  or  by  passing  the  end 
of  the  bandage  under  the  last  turn. 
Still,  this  latter  way  of  fastening  is  the 
simplest,  and  is  sufficiently  safe:  but  it 
must  be  a  rule  always  to  pass  the  head  Fig.  io7.— j  nat  size. 

of  the  bandage  under  the  last  turn  in  a 

centrifugal  direction.  If  this  is  always  done,  it  will  not  happen  that, 
when  removing  the  bandage,  the  head  of  the  latter  will  be  drawn  toward 
the  rolled  side  and  only  with  the  greatest  difficulty  be  extricated  and 
brought  again  in  the  right  position. 

Except  in  case  of  necessity,  cording  should  not  be  kept  in  place  longer 
than  an  hour  and  a  half  or  two  hours,  as  otherwise  thrombosis  may  occur 
with  all  its  sequelae. 

Cording  cannot  be  used  in  arteriosclerotic  patients  with  calcified  arte- 
rial walls. 

Cording  prevents  the  bloodvessels  of  the  distal  segment  of  limb  from 
filling  anew,  but  does  not  empty  the  blood  which  they  already  contain. 
In  order  to  keep  the  latter  for  the  body  and  to  spare  blood,  it  is  wise 
in  suitable  cases,  before  cording,  to  empty  the  vessels  of  the  limb,  or 
rather  decrease  the  amount  of  blood  they  contain  by  winding  around  the 
limb,  from  the  periphery  toward  the  centre,  a  broad  woven  rubber  ban- 
dage (Fig.  108).  I  find  the  bandages  woven  over  with  silk  somewhat 
more  expensive,  but  much  more  durable,  and  much  better  for  this  pur- 
pose than  those  woven  over  with  cotton.  Bandaging  in  this  way  is  not 
always  permissible:  for  instance  it  must  be  absolutely  rejected  in  cases 
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of  phlegmonous  processes  and  of  thrombosis,  on  account  of  the  danger  of 
forcing  the  pus  into  the  surrounding  tissues  and  of  mobilizing  thrombi. 
In  cold  abscesses,  it  must  be  applied  only  beyond  the  abscess.  But  in 
such  cases  we  can  make  the  limb  fairly  bloodless  by  keeping  it  for  one 
minute  in  a  vertical  elevation,  and  bringing  it  down  to  the  horizontal 
position  only  after  cording. 

This  method  of  constriction  after  v.  Eamarch  is  naturally  applicable 
only  to  the  extremities  and  the  penis,  but  recently  Mo7iii»«r!7  has  employed 
it  to  save  the  blood  of  the  whole  lower  half  of  the  body  and  has  tested  it 
in  two  cases.  Between  the  iliac  crest  and  the 
lower  costal  border,  he  lays  around  the  body  a 
strongly  stretched  rubber  tube  as  large  as  a 
finger,  and  carries  it  around  until  the  pulse  in 
the  femoral  artery  has  disappeared — two  to 
four  turns  being  generally  enough.  In  order 
not  to  cause  any  disturbance  of  the  heart  action 
as  a  consequence  of  the  sudden  and  consider- 
FiG.  108.— i  nat.  size.  able  increase  of  the  circulatory  stream  which 
would  take  place  when  the  tube  would  be  re- 
leased, Mojnimrg  advises  to  put  another  constricting  rubber  band  on 
each  thigh  and  to  reopen  only  slowly  the  lower  half  of  the  body  to  the 
general  circulation  by  successively  loosening  those  different  cordings. 
This  method  has  no  disadvantages,  but  must  first  be  tried  out  carefully. 
A  few  favorable  reports  have  already  been  given  by  Momburg. ' 

For  operations  on  parts  of  the  body  other  than  the  extremities,  v. 
Eamarch  has  proposed  different  models  of  compressors;  but  the  latter 
have  not  been  frequently  used  in  actual  practice  (see  also  Operations  for 
harelip). 

4.  Circumferential  Suture  of  the  Operative  Field 
(Heidenliain)  is  particularly  performed  in  operations  on  the  scalp  and 
is  there  described  more  in  detail. 

We  must  not  forget  to  mention  the  fact  that  bleeding  from  small 
arteries,  capillaries,  and  superficial  veins  may  be  stopped  by  simple  ele- 
vation of  the  affected  part  of  the  body,  and  that  all  segments  of  limbs  in 
which  operations  have  been  performed  with  the  aid  of  artificial  anemia, 
must  be  kept  elevated  for  12  or  24  hours  on  account  of  the  active 
hyperemia  supervening  after  the  cording  has  been  released,  and  of  the 
consequent  danger  of  bleeding  even  from  the  smallest  vessels. 

Permanent  Hemostasis 

Ligation  of  the  bloodvessels  is  the  best  means  to  prevent  an  impend- 
ing hemorrhage  or  to  control  immediately  and  permanently  an  actual 

'  Mamburg'a  method  of  constriction  anemia  haa  now  g-ained  an  honorable  position  in 
Burerical  and  obstetrical  practice.  -(TranKlalor.) 


SURGERY  OF   THE  BLOODVESSEI£ 


91 


bleeding  from  a  vessel.  We  understand  by  ligation  the  placing  of  a 
thread  around  a  vessel,  the  encircling  of  the  vessel  by  said  thread  and 
the  tying  of  the  latter  until  the  lumen  is  completely  occluded. 

A  distinction  is  made  between  ligation  in  the  place  of  neceuity  and 
ligation  at  the  »ite  of  election.  This  distinction  will  be  best  explained 
by  an  example:  Let  us  suppose  a  case  of  stab  wound  of  the  femoral 
artery.  If  we  press  on 
the  bleeding  vessel  with 
the  hand,  if  we  bend  the 
leg  at  the  knee  and  main- 
tain it  firmly  against  the 
root  of  the  limb,  we  are 
realizing  temporary  he- 
mostasis  of  which  we 
have  spoken  in  the 
preceding  pages.  If  we 
search  for  the  vessel  in 
the  wound,  aided,  if  nec- 
essary, by  a  compression 
of  the  external  iliac  ar- 
tery above  Poupart's  ilio- 
inguinal ligament,  and  if 
we  ligate  it  above  and 
below  the  bleeding  point, 
it  is  a  ligation  in  the 
place  of  necessity.  But 
if  we  should  compress 
the  bleeding  artery  in 
the  wound  and  ligate  the 
external  iliac  artery 
above,  where  we  could 
find  it  best  by  following 
anatomical  rules,  it  would 
be  a  ligation  at  the  site 
of  election. 

Ligation  in  the  place 
of  necessity  and  suture 

of  the  bloodvessels  are  to  be  preferred,  almost  Under  all  circumstances, 
to  ligation  at  the  site  of  election,  because  the  latter  closes  many  blood- 
channels  which  would  remain  patent  were  the  former  used,  and  disturbs 
the  circulation  much  more.  Besides,  ligation  at  the  site  of  election  is 
also  much  less  safe  than  that  inthe  wound  on  account  of  collateral  vessels 
(see  diagram  on  Fig.  109).  Let  us  suppose  that  the  hemorrhage  comes 
from  a  lateral  slit  in  the  bloodvessel  between  I  and  II,  and  that  we 
have  ligated  the  afferent  artery  above  I;  then  the  collaterals  in  II  and 
ni  will  still  keep  up  the  bleeding.    If  we  ligate  above  and  below  the 
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Fig.  110. 
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injury  to  the  bloodvessel  in  I  and  II,  it  still  bleeds  from  III.  The  bleed- 
ing will  only  be  stopped  definitely  after  III  has  been  ligated  The  same 
result  would  also  be  obtained  in  an  ideal  way  by  a  suture  of  the  edges 
of  the  slit. 

Consequently  one  might,  perhaps,  think  that  ligation  at  the  site  of 
election  has  absolutely  no  more  importance ;  but  this  is  by  no  means  true. 

It  allows  us  to  control  bleed- 
ing from  large  wound  cavi- 
ties in  which  many  vessels 
spurt  and  in  which  bleed- 
ing cannot  be  checked  by 
packing;  and  also  to  pre- 
vent or  at  least  minimize 
the  hemorrhage  from  jOLrts 
of  the  body  that  have  to  be 
removed.  In  this  respect  I 
refer  to  the  preventive  liga- 
tion of  the  external  carotid 
in  resections  of  the  upper 
jaw,  of  the  lingual  in  ex- 
cisions of  the  tongue,  of  the 
subclavian  in  exarticula- 
tions  of  the  arm.  But,  aside 
from  those  practical  points 
of  view,  ligation  at  the  site 
of  oloction.  so  much  rohoarsod  in  operative  courses  on  the  cadaver,  and 
so  little  rosortod  to  in  actual  surgory.  has,  as  an  exercise  in  topographical 
anatomy,  an  iiniH>rtanoo  which  must  not  l>e  underestimated,  and  it  is  to 
bo  hoiHHl  that  it  will  novor  Iv  struck  out  from  the  curriculum. 
For  ligations,  wo  iuhhI  tho  following  instrwunents : 

I.  Knivos  and  scissors. 

i  Oissivtion  and  suiyioal  forcoj^. 

S.  Instrumonts  to  |viss  tho  thnwd  around  the  vessel. 

4.  Honu^statio  damps. 

5.  Lig:U\nv  thivads. 

Tlio  instnnnonts  to  luss  tho  thivad  unnind  tho  vossol  (Ligature  carriers) 
usoil  nu>st  friH^uontly  aiv: 

K\v^t\n^  h^v^k  (also  as  nuMituHi  by  K\v??*'.oi.  Fijr.  IIOV 

lViichiimp\<  h\\\\\\  ntVillo  iFi>r.  lUV  of  whioh  wo  must  have  two,  one 
curviHi  towanl  tlio  ri>iht  sido.  tl)o  othor  towai\i  tho  loft, 

K'<vfcr?'\<  >i\Mtiv  S]\itula  (Ki>r.  \V2). 

Tlio  hom^vstatio  ol:unps  most  fi\\^r.ont;>  on'iployoii  are  PAi«'«  and 
?v'<v;/rvV  (File's.  li:^-uul  11  0: 

r,  /v'»V?)/o >/>/*.<  l*vk  ol.'uup  iFi>:.  tl^>: 

K«v^?M<r''^' ^"^I'^^M^  lFi)i-  ll<''^- 
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Habit  and  practice  will  determine  which  one  of  these  clamps  a  sur- 
geon will  select.  To  put  forward  the  advantages  any  of  these  instru- 
ments may  have  over  the  others  in  a  given  case,  would  lead  us  too  far. 

Practically,  they  are  used  as  follows : 

Ligation  by  Means  of  a  Thread  Passed  Around  the  Vessel 

After  the  vascular  sheath  which  envelopes  most  bloodvessels  haa 
been  exposed  with  the  help  of  the  anatomical  landmarks  accurately 
described  below,  it  is  lifted  in  a  small  fold  with  a  dissection  forceps, 
which  is  very  easy  on  account  of  the  loose  connections  existing  between 
the  artery  and  its  sheath.  The  base  of  this  fold  is  then  incised  trans- 
versely.   Let  this  always  be  done  close  to  the  artery  and  not  to  the  vein 


i  nat  size. 
Fig.  113. 


i  nat  size. 
Fig.  114. 


i  nat  size. 
Fig.  115. 


i  nat  size. 
Fig.  116. 


whose  flaccid  walls  might  be  easily  included  in  the  fold  and  incised. 
With  a  blunt  instrument,  either  the  blunt  end  of  Roser's  hook  or  Kocher's 
spatula,  or  blunt  scissors,  the  bloodvessel  is  now  isolated  from  its  sheath 
all  around,  but  only  for  the  length  necessary  to  pass  around  the  thread. 
This  is  easily  done  with  arteries,  but  with  veins  requires  gentle  stretch- 
ing of  the  walls  with  a  dissection  (not  surgical)  forceps,  all  contusing 
violence  being  carefully  avoided.  The  ligature  is  threaded  on  the  liga- 
ture carrier,  and  the  latter  is  passed  under  the  artery,  beginning  on  the 
side  of  the  vein,  so  as  to  prevent  its  end  causing  possible  injury  to  the 
flabby  venous  wall.  The  thread  is  then  seized  with  a  forceps  or  a  small 
blunt  hook  (strabismus  hook)  (Fig.  118)  and  the  ligature  carrier  with- 
drawn. The  thread  is  tied  into  a  sailor's  knot  (Fig.  58  on  page  57,  but 
without  the  preliminary  double  twist  of  the  surgical  knot  there  repre- 
sented). When  ligating  in  deep  wounds,  the  ends  of  the  thread  must  be 
guided  on  the  pulps  of  both  the  index  Angers  applied  one  against  the 
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other  along  their  whole  dorsal  surface,  so  as  to  be  able  to  exert  the 
necessary  traction  without  tugging  too  much  on  the  vessel  to  be  ligated 
for  the  purpose  of  bringing  it  nearer  the  surface.  In  such  cases,  the 
ends  of  the  thread  are  not  cut  too  close  to  the  knot  In  preventive  liga- 
tions, one  simple  ligation  suffices;  in  wounds  of  bloodvessels,  we  must  at 
least  ligate  on  each  side  of  the  wound  (Fig.  109).  Eventually  we  may 
yet  have  to  tie  collateral  branches  opening  in  the  main  vessel  between 
the  two  ligatures.  In  such  cases,  if  we  do  not  want  to  suture  the  slit  in 
the  vessel,  it  is  best  to  grasp  the  vessel  square  across  on  each  side  with  a 
clamp,  to  cut  between  the  clamps  and  to  tie  on  each  side  behind  the 
branches  of  the  clamps,    l^te  hemorrhages  from  collaterals  are  thus 


safely  prevented,  because  with  this  technique,  we  must  necessarily  find 
them. 

On  wound  surfaces,  severed  large  vessels  must  be  sought  for;  when 
found,  a  dissection  forceps  fixes  the  vessel,  another  one  pulls  it  out  of  its 
sheath  (Fig.  119,  a) ,  a.  clamp  is  hung  from  the  well-isolated  vessel,  and  liga- 
tion is  performed  without  taking  the  sheath  in  the  ligature  (Fig.  119,6). 

There  is  no  unanimity  as  to  the  choice  of  the  ligature  materiaL 
Here  catgut,  there  silk,  is  the  battle-cry.  The  loudest  partisan  in  the  ftght 
for  silk  is  Kochenr,  who  considers  as  a  sort  of  anachronism  the  use  of 
catgut  when  one  is  certain  of  one's  asepsis.  Kocher  uses  catgut  only  for 
ligatures  in  septic  ground;  otherwise  always  silk,  and  preferably  fine 
numbers  of  antiseptically  impregnated  sublimate  silk,  because  the  latter 
heal  well,  whereas  thicker  knots,  even  in  Kocher's  hands,  have  occasion- 
ally provoked  thread  suppurations.  Ligation  with  silk  is  safer  in  all 
cases.  It  holds  faster;  because  its  soft  surface  is  not  subject  to  resorp- 
tion— with  catgut  one  never  knows  how  quickly  resorption  will  take  place 
— the  knots  do  not  loosen,  while  this  is  not  infrequently  observed  with 
catgut  during  the  operation  itself.  Finally,  suppuration  is  seen  even  when 
catgut  is  used  and  stops  only  upon  the  elimination  of  the  thread  after 
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weeks  or  months.  When  one  is  certain  of  one's  asepsis  and  wants  to  sleep 
peacefully  after  a  major  operation,  the  extirpation  of  a  goitre,  for 
instance,  fine  silk  must  be  selected  for  the  ligatures.  Always  tie  with 
silk,  and  not  with  catgut,  strongly  pulsating  arteries  on  the  surface  of 
section  of  limbs  after  amputations  and  similar  operations,  and  after 
strumectomy.  When  dealing  with  infected  wounds,  or  wounds  of  ques- 
tionable asepsis,  we  may  leave  longer  threads  hanging  down  from  the 
wound  and,  from  time  to  time,  by  cautious  tractions,  ascertain  whether 
they  have  come  loose  and  may  be  removed.  Otherwise  a  silk  knot  left 
behind  might  keep  up  the  suppuration  of  a  sinus  for  years. 

As  to  what  pertains  to  the  technique  of  the  so-called  ligatures  en  maaae, 
I  refer  to  the  chapter  on  Abdominal  operations. 

In  smaller  lateral  injuries,  especially  of  big  venous  trunks,  the  so- 
called  lateral  ligation  with  Hue  silk,  not  with  catgut  which  slips  too 
easily,  may  be  performed  in  the  way  described  on  Fig.  120.  Thus  the 
continuity  of  the  injured 
bloodvessel  is  maintained,  ^ 
but  the  thread  must  be 
firmly  tied,  as  otherwise  it 
would  be  stripped  off  the 
vessel  by  the  blood-pressure, 
after  the  removal  of  the 
clamps. 

Temporary  ligation  of 
large  vascular  trunks  is 
often  performed  so  as  to  en- 
able the  surgeon  to  operate 
bloodlessly  on  the  parts  of 

the  body  situated  peripherally.  It  can  be  effected  by  means  of  a  small 
sterile  cloth  bandage,  of  a  rubber  band,  of  strong  catgut,  or  also  of  a 
small  clamp,  the  blades  of  which  are  covered  with  rubber  tubing,  as  rep- 
resented in  Fig.  124.  The  pressure,  either  from  the  bandage  or  from  the 
clamp,  will  always  just  be  sufficient  to  stop  the  pulse  in  the  peripheral 
part  of  the  bloodvessel.  When  the  temporary  ligature  has  been  carefully 
executed,  it  may  be  left  in  situ  one  or  one  and  a  half  hours  without  risk 
of  damage  to  the  vessel  or  of  thrombosis.  Jordan  advises  loose  tempo- 
rary ligation  in  operations  on  large  tumors  of  the  neck,  which  are  likely 
to  necessitate  either  removal  or  ligation  of  the  common  carotid,  which 
latter  operation  is  not  infrequently  followed  by  severe  nutritional  dis- 
turbances of  the  brain  on  account  of  insufficient  development  of  the 
collateral  circulation.  To  find  out  in  advance  whether  such  disturbances 
may  occur,  Jordan  advises  now  to  tie  under  local  anesthesia  the  common 
carotid  for  48  hours.  If  during  that  time  no  brain  disturbance  appears, 
permanent  ligation  may  be  safely  performed,  if  it  becomes  necessary 
during  the  operation;  if  the  reverse  is  the  case,  we  must  refrain  from 
taking  such  a  step.    (See  also  p.  102.) 
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Treatment  of  Wounds  of  Bloodvessels 

Until  recently,  as  has  been  mentioned  before,  transversal  or  lateral 
injuries  of  arteries  or  veins  required  ligation  in  the  manner  just  de- 
scribed. It  was  left  to  chance  to  develop  a  sufficient  collateral  circuit  or 
to  let  more  or  less  large  and  vitally  important  parts  of  the  body  fall  a 
prey  to  necrosis.  Likewise,  in  subcutaneous  injuries  of  big  trunks  (for 
instance  of  the  brachial  artery  in  deep  fractures  of  the  arm),  with  all 
their  serious  consequences,  the  physician  was  powerless  before  this  oc- 
currence. Thus  many  an  ischemic  contracture  of  the  forearm  and  of  the 
hand  has  been  erroneously  blamed  on  the  bandage  which  he  was  charged 
with  having  applied  too  tightly,  while,  in  fact,  it  was  due  to  a  tearing  of 
the  brachial  artery.  It  is  not  therefore  surprising  that  considerable 
thought  has  been  devoted  to  the  prevention  of  such  untoward  conse- 
quences. In  veins,  which  have  elastic,  very  thin,  and  extensible  walls,  it 
was  often  possible  to  restore  the  continuity  of  the  vessel  by  a  lateral 
ligation,  as  has  been  stated  already.  But  if  the  slit  in  the  vessel  was  so 
long,  or  extended  in  a  more  or  less  transversal  direction  on  a  large  por- 
tion of  the  circumference,  this  procedure  was  of  no  avail;  and  lateral 
suture  was  performed  first  on  veins,  later  on  arteries  also,  by  many  sur- 
geons, among  whom  I  shall  name  Schede.  Recently  the  reunion  of  trans- 
versely severed  veins  and  arteries,  even  of  very  small  calibre,  has  been 
attempted.  Particular  credit  for  this  transversal  reunion  of  bloodvessels 
is  due  to  Glilck,  Murphy^  Nitze,  Payr,  CarreU  and  the  Garri  school. 
The  triumphs  of  vascular  suture  become  every  day  more  numerous,  and 
its  field  of  application  broadens  beyond  belief.  In  what  follows,  I  shall 
only  describe  Payr's  and  CarreVs  method,  but  I  state  forthwith  that  the 
latter  is  the  more  ideal.  Both  have  this  in  common  that  intima  just  as 
uninjured  as  possible  is  brought  against  intima,  whereby  the  danger  of 
formation  of  parietal  and  occluding  thrombi  is  reduced  to  a  minimunu 
Moreover,  a  most  painstaking  asepsis  holds  the  key  to  success. 

Payr's  method  of  reunion  of  bloodvessels  entails  the  use  of  magne- 
sium supports  devised  after  Nitze's  type.  It  has  been  considerably  im- 
proved by  the  introduction  of  Hopfner's  vascular  clamps  (Fig.  123), 
which  grip  well  and  do  not  damage  the  walls  of  bloodvessels.  The  dis- 
position of  Payr's  magnesium  tubes,  which  slowly  undergo  resorption,  is 
well  made  clear  by  the  accompanying  schematic  illustrations,  which 
demonstrate  the  successive  phases  of  the  operation.  These  supports 
must  be  on  hand  in  different  sizes.  The  narrower  the  lumen  of  the 
bloodvessel,  the  smaller  also  the  tube  and  the  more  uncertain  and  diffi- 
cult its  use. 

First,  at  a  certain  distance  from  the  place  of  suture — if  the  edges  of 
the  wound  in  the  vessel  are  bruised,  they  must  be  freshened  with  a  very 
sharp  instrument — are  placed  the  Hopfne^*  vascular  clamps,  the  blades  of 
which  are  covered  with  pieces  of  rubber  tubing,  over  which,  as  a  protec- 
tion against  slipping,  several  layers  of  gauze  have  been  sewn.     Fig.  l^. 
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I  and  II,  show  how  the  afferent  bloodvessel  is  pierced  with  three  thin 
but  strong  silk  threads  penetrating  the  whole  thickness  of  the  wall,  and 
drawn  through  the  lumen  of  the  support.  While  the  latter  is  held  by 
means  of  a  holder,  invented  by  Hopfner  for  this  purpose,  the  extensible 
walls  of  the  blood- 
vessel, by  tractions  ^ 
exerted  on  the  fixa-  i. 
tion  loops,  are 
everted  over  the  dis- 
tal edge  of  the  tube, 
until  the  everted 
part  extends  a  little 
beyond  the  groove 
on  the  outer  sur- 
face of  the  tube.  It 
is  then  fastened  on 
the  latter  with  a 
thread  (Fig.  121, 
III).  After  that  the 
traction  loops  may 
be  removed.  The  IV. 
afferent  bloodvessel 
is  now  pierced  in  the 
same  way  (Fig.  121, 
III) ,  drawn  over  the 

afferent  vessel  tied  to  the  tube  (Fig.  121,  IV),  and  also  fastened  on  the 
groove  with  a  silk  thread.  Now  uninjured  intima  is  applied  circularly 
on  intima,  as  is  shown  diagrammatically  on  the  longitudinal  section  in 
Fig.  122. 

The  disadvantages  of  the  method  when  applied  to  small  vessels, 

already  mentioned  briefly, 
are  so  obvious  that  it  is 
not  necessary  to  dwell  on 
them  any  further.  This 
method  is  no  longer  applic- 
able when  long  segments 
of  bloodvessels  have  been 
destroyed.  Yet,  it  is  tech- 
nically relatively  simple  to  execute  on  vessels  of  medium  or  large  calibre; 
and,  judging  from  animal  experiments,  it  is  reasonably  safe.  This 
means  that  the  danger  of  secondary  thrombosis  is  small  in  such  cases. 
But  it  cannot  rival  the  Carrel  method  of  vascular  suture. 

Carrel's  Method  of  Vascular  Suture 

This  has  been  introduced  in  Germany  principally  by  Garri*8  pupil 
Stick;  is  remarkable  on  account  of  its  simplicity,  is  applicable  even  to 


Fig.  121. 


Fig.  122, 
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small  vessels,  but  requires  a  very  delicate  technique  which  taxes  the 
skill  of  the  surgeon's  fingers. 

The  necessar>'  instruments  are :  Haj^ner's  clamps  with  blades  covered 
as  above  described.  Finest  curved  and  straight  round  needles.  Finest 
silk,  sterilized  by  boiling  and  lubricated  by  inmiersion  in  sterile  parafiin 
oil.  Needle-holder  with  a  relatively  narrow  point,  so  that  curved  needles 
will  not  be  broken.    Fine  disisection  forceps  (ophthalmic  forceps). 

The  carefully  freshened  ends  are  first  caught  with  the  clamps  not  too 
near  the  place  of  suture,  carefully  freed  with  dissection  forceps  and  scis- 


FlG.   123. 

sors  from  all  adherent  shreds  of  loose  adventitia:  and  immediately  trans- 
fixed by  three  traction  loops  placed  at  eciual  distances  from  each  other,  and 
taking  the  whole  thickness  of  the  wall  of  the  bloodvessel  (pass  these  loops 
with  curved  needles).  See  Fig.  123,  in  which  the  clamps  are  made  a 
little  too  small  relatively  to  the  calibi-e  of  the  vessel.  Now,  a  gentle  trac- 
tion on  the  clamps  brings  the  ends  together,  and  the  traction  loops  are 
tied:  in  so  doing,  caiv  is  exeivised  that  the  vascular  edge  should  be  so 
everted  that  intima  comes  in  contact  with  intima.  One  or  both  ends  of 
the  thread  are  left  long.  By  pulling  on  those  ends  the  lumen  of  the 
vessel,  which  in  arteries  remains  circular,  in  veins  becomes  linear  on 
account  of  the  collapse  of  the  walls,  may  Ih^  converted  into  an  equilateral 
triangle.  This  brings  In^foiv  us  (or  union  stniight  edges  applied  flat 
against  one  another,  which  riMidors  suturt*  oxtmonlinarily  easier.     (This 
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is  the  chief  point,  Fig.  124. )  Suture  is  then  performed,  beginning  at  the 
back  and  pursued  along  the  whole  circumference,  with  a  straight  needle 
and  a  continuous  suture.  I  have  found  that,  with  a  little  practice,  one  can 
make  all  the  sutures  with  the  straight  needle,  which  is  less  liable  to  break. 
A  close  apposition  on  a  flat  surface  of  both  intimae  must  always  be 


Fig.  124. 

made  sure  of.    The  trifling  bleeding  from  the  separate  stitch-holes  can 
always  be  quickly  stopped  by  light  compression. 

With  this  method.  Carrel,  Stick,  and  others  have  succeeded,  not  only 
in  reuniting  large  and  small  transversely  severed  vessels,  but  also  in 
implanting  pieces  of  arteries  and  veins  in  defects  of  arteries  and  veins, 
and  vice  vera&,  and  in  adapting  them  to  their  new  fimction;  and,  finally. 


Fig.  126. 

even  in  transplanting  whole  organs  (thyroid  gland,  kidney)  from  one 
animal  to  another. 

Lateral  suture  may  be  executed  on  a  bloodvessel  in  the  same  manner 
as  the  transversal.  After  clamping  the  vessel  with  Hopfner^a  clamps  at  a 
certain  distance  from  both  ends  of  the  slit,  a  traction  thread  is  passed  in 
each  angle  of  the  wound  and  the  intermediary  segment  is  sutured  exactly 
as  has  been  said  before. 

It  is  possible  that  with  such  a  vascular  suture,  the  cure  of  aneurysm 
by  an  ideal  method  without  interruption  of  the  blood-stream,  by  extirpa- 
tion of  the  sac  and  suture  of  the  ends  of  the  bloodvessels,  or  eventually 
interposition  of  an  intermediary  segment,  will  become  successful. 
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About  venesection  and  tapping  of  veins,  see  chapter  on  Narcosis 
(page  43). 

Angiotripsy  will  receive  in  the  chapter  on  Intestinal  operations  atten- 
tion commensurate  to  its  importance. 

Thermocauterization  with  the  platinum  blade  will  be  spoken  of  in  the 
Treatment  of  hemorrhoids. 

The  passing  of  a  ligature  with  a  needle  around  a  bleeding  vessel  finds 
its  application  when  the  latter  is  so  imbedded  in  imyielding  tissue  that 
it  cannot  be  seized,  and  that  ligatures  slip  repeatedly.  A  curved  round 
needle  armed  with  a  thread  is  passed  around  the  vessel,  the  thread  is 
tied,  and  thus  constricts  the  vessel. 

Torsion  of  bleeding  vessels  is  only  performed  on  small  branches  after 
they  have  been  well  isolated.  The  clamp  is  twisted  around  its  long  axis 
^veral  times — at  least  three  or  four — whereby  the  coats  of  the  vessel  are 
so  firmly  matted  together  that  the  lumen  is  occluded.  But  this  method  is 
defective  and  should  be  used  only  for  small  skin  vessels. 

I  must  also  mention  that  attempts  have  been  made  (Broca),  in  almost 
uncontrollable  bleeding  in  hemophiliacs,  in  whom  blood  coagulability  is 
enormously  decreased,  to  increase  coagulability  by  the  admixture  of  normal 
human  or  horse  serum.  In  case  of  accidental  bleeding  or  urgent  opera- 
tions, adults  are  given  intravenously  10  to  20  c.c.  of  such  a  serum — fresh 
antidiphtheria  serum  may  also  be  used— and  20  to  40  c.c.  subcutaneously; 
children  receive  half  the  dose.  Besides,  the  wound  is  also  washed  with 
serum.  Injected  as  a  prophylactic  24  hours  before  an  operation  in  bleed- 
ers, this  serum  is  said  to  prevent  dangerous  hemorrhages;  and  also  to  be 
useful  in  internal  bleeding. 

Ecrasement  (Circular  constriction  and  crushing)  is  an  antiquated 
method  of  bloodless  removal  of  tissues,  which  nowadays  finds  hardly  any 
application. 

(b)  Surgery  of  the  Bloodvessels  (Special  Part) 

ligation  of  the  Larger  Arteries 

In  what  follows  I  have  only  considered  the  large  arteries  and  a  few 
veins;  because  the  exposure  of  the  smaller  branches  is  admittedly  an 
excellent  exercise  of  topographical  anatomy,  but  is  not  required  in  actual 
practice,  nor  for  what  must  always  be  particularly  taken  into  account  for 
students,  namely,  the  final  examinations.  Moreover,  the  position  of  ves- 
sels will  always  be  briefly  mentioned  in  the  operations  described  farther 
on.  I  consider  a  comprehensive  exposition  of  the  ligation  of  the  big 
arterial  trunks  as  indispensable  in  a  manual  of  surgical  operations  for 
students,  because  the  latter  thus  find  together  all  they  need  for  the  exam- 
ination, and  at  the  same  time  it  gives  a  good  opportunity  for  a  short 
topographic  description  of  the  gross  anatomy  of  the  extremities. 

Intra-  or  extraperitoneal  ligation  of  the  abdominal  aorta  has  some- 
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times  been  performed;  but,  according:  to  Katzenstein,  all  patients  thus 
operated  on  died,  death  being  in  some  cases  hastened  by  the  interven- 
tion, and  in  the  other  cases,  directly  caused  by  it  Also,  according  to 
Katzenstein' 8  experiments,  which  contradict  those  of  Sonnenhwrg,  this 
heroic  intervention  ought  to  be  considered  as  forbidden,  except  maybe  in 
a  few  very  rare  and  special  cases. 

On  the  contrary,  ligation  of  the  innominate  artery  has  been  per- 
formed successfully  a  few  times  by  Ruediger-Rydyyier.  (See  Wieiier  klin. 
Wochenschr.,  1906,  No.  50,  p.    1514,  where  is  given  also  a  technique 


Fia.  126. 


worked  out  by  the  writer  for  the  ligation  of  the  innominate  artery  and 
eventually  of  the  first  portion  of  the  subclavian.) 

Common  Carotid,      (Anatomy.) 

The  common  carotid  springs,  on  the  right  side  from  the  innominate 
artery,  on  the  left  directly  from  the  aortic  arch,  ascends  almost  vertically 
on  the  side  of  the  trachea,  along  the  neck,  to  divide  at  the  level  of  the 
easily  palpable  thyroid  cartilage  into  external  and  internal  carotid.  At 
the  level  of  the  stemo-clavieular  joint,  it  is  covered  by  the  sternal  por- 
tion of  the  stemo-cleido-mastoid  muscle  (Pig.  126),  but  soon  emerges 
from  under  the  inner  border  of  the  latter  into  the  carotid  triangle,  which 
is  limited  above  by  the  posterior  belly  of  the  digastric  muscle,  toward 
the  median  line  by  the  upper  belly  of  the  omohyoid  muscle,  and  later- 
ally by  the  anterior  border  of  the  stemo-cleido-mastoid  muscle,  and  is 
easily  palpated,  in  the  living,  up  to  the  angle  of  the  lower  jaw.    The 
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carotid  lies  there  with  the  internal  ju^lar  vein,  the  pneumogastric, 
phrenic,  and  sympathetic  nerves — the  latter,  too,  are  less  frequently 
brought  into  view  when  the  carotid  is  exposed — in  a  tough  vascular 
sheath  formed  by  the  deep  layer  of  the  cervical  fascia  and  the  preverte- 
bral fascia.  On  this  sheath  runs  the  ramus  descendens  of  the  hypo- 
glossal nerve,  which  gives  a  number  of  small  branches  to  the  lateral 
parts.  The  course  of  this  ramus  descendens  is  very  variously  described 
in  the  different  text-books,  so  that  its  disposition  does  not  seem  to  be 
constant.  In  the  accompanying  illustrations  it  is  figured  (perhaps  by 
mistake?)  as  running  within  the  vascular  sheath.  The  internal  jugular 
vein  lies  externally  and  a  little  in  front  of  the  common  carotid,  so  that 
when  strongly  distended  (in  asphyxia,  for  instance),  it  may  hide  the 
artery  almost  completely.  Behind  and  between  the  carotid  and  the  jugu- 
lar lies  the  pneumogastric  nerve.  Up  to  its  bifurcation  the  conunon 
carotid  gives  no  collateral  branches.  Through  the  external  carotid,  it 
has  numerous  anastomoses  with  the  carotid  of  the  other  side;  through 
the  internal  carotid  with  the  vertebral,  through  the  thyroid  with  the  in- 
ferior thyroid,  and  through  the  inferior  thyroid  and  vertebral  with  the 
subclavian.  On  account  of  these  numerous  anastomoses,  ligation  of  the 
conunon  carotid  is  not  dangerous  in  young  subjects,  barring  a  few  rare 
exceptions  ( Wieting) ;  but  above  the  age  of  fifty  it  almost  always  is  fol- 
lowed by  progressive  thrombosis  and  death.  (See  above,  the  testing  of  the 
collateral  circulation  by  temporary  ligation  of  the  carotid  as  advised  by 
Jordan.)  Hoisted  begins  by  simply  narrowing  the  lumen  of  the  carotid 
by  means  of  an  encircling  silver  band,  so  as  to  let  the  collateral  circulation 
develop,  and  closes  completely  the  vessel  by  progressively  tightening  the 
band. 

Injuries,  aneurysms,  and  large  malignant  timiors  are  the  conditions 
requiring  most  often  ligation  of  the  common  carotid. 

Ligation  of  the  Common  Carotid  (Figs.  127  and  128).^ 
The  patient  is  placed  in  the  recumbent  position,  a  flat  cushion  under 
the  shoulders,  so  that  the  head  hangs  slightly  downward;  besides  it  is 
also  slightly  rotated  toward  the  side  opposite  that  of  operation.  The 
skin  incision  (see  Fig.  127)  follows  the  anterior  border  of  the  stemo- 
cleido-mastoid  muscle,  from  the  level  of  the  larynx  downward  and  for- 
ward; it  must  be  at  least  5  or  6  cm.^  long,  and  in  fat  subjects  still  longer; 
it  divides  the  skin,  the  subcutaneous  fatty  tissue,  and  the  very  thin  super- 


»  For  most  of  the  typical  ligations  I  give  three  illustrations:  one  is  a  general 
view  of  the  region ;  one,  on  the  same  scale,  is  a  cross  section  about  the  middle  of  the 
operative  field,  so  as  to  demonstrate  the  different  muscles,  tendons,  and  other  structures 
met  from  the  skin  down  to  the  vessels ;  and,  finally,  the  third  illustration  shows  the 
operative  field  in  just  about  natural  size. 

*  In  a  general  way,  1  have  refrained  from  giving  more  exact  indications  as  to 
the  length  of  incisions  for  ligations,  because  the  latter  varies  altogether  too  much  in 
large  or  small,  thin  or  fat  subjects,  and  the  skilled  operator  will  quicker  succeed  with  a 
short  incision  than  the  inexperienced. 
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ficial  cervical  fascia.  The  external  jugular  vein  runs  farther  back,  between 
the  platysma  and  the  superiicial  cervical  fascia,  and  at  most  conies  into 
view  in  the  upper  part  of  the  incision,  where  it  reaches  the  stemo-cleido- 
mastoid  muacle  before  descending  on  its  outer  surface  to  end  just  above 
the  clavicle  into  the  innominate  vein,  or  in  the  subclavian,  or  also  in  the 
internal  jugular.  A  few  transversal  communicating  branches  between 
the  ext«mat  and  median  jugular  veins  may  eventually  have  to  be  divided 
and  ligated.  Under  the  superficial  cervical  fascia  appears  the  anterior 
border  of  thestemo-cleido-mastoid,  which  must  be  pulled  a  little  outward 
with  a  blunt  retractor.     Now  appears  the  tough  deep  cervical  fascia 


Fig.  127. 


which  forms  here  the  vascular  sheath,  and  in  which  is  enclosed  the  omo- 
hyoid muscle,  which  shows  as  a  flat  ribbon  (easily  torn  in  the  cadaver). 
After  this  muscle  has  been  drawn  downward  a  little,  the  vascular  sheath 
is  cautiously  incised  in  a  longitudinal  direction  and  both  edges  of  the  in- 
cision fastened  in  hemostatic  clamps  (this  for  the  purpose  of  better  ori- 
entation). The  ramus  descendens  of  the  hypoglossal  nerve,  running  on 
the  fascia  (the  vascular  sheath)  can  be  easily  pushed  aside  out  of  the 
way.  If  the  vein  is  distended,  it  must  be  cautiously  deflected  toward 
one  side  with  a  blunt  instrument,  preferably  the  Kocher  spatula,  so  that 
the  artery  is  more  and  more  separated  from  the  vein  and  t^t  a  thread 
can  be  carried  around  it.  The  ligature  must  be  tightened  just  enough 
to  stop  the  pulse  in  the  peripheral  parts,  a  stronger  constriction  and  the 
consequent  unavoidable  tearing  of  the  arterial  coats,  and  especially  the 
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curling  up  of  the  intima,  would  tremendously  increase  the  risk  of  progres- 
sive thrombosis.  During  this  exposure  of  the  artery,  the  pneumogastric 
need  not  at  all  be  seen.  If  the  carotid  must  be  ligated  quite  low  in  the 
neck,  the  best  is  a  transversal  incision  with  division  of  the  sternal  inser- 
tion of  the  stemo-cleido-mastoid,  behind  which  the  vascular  sheath, 
shining  as  a  tendon,  would  have  to  be  opened. 

Ligation  of  the  Internal  Jugular  Vein. 

It  can  be  performed  through  the  same  incision  as  for  ligation  of  the 
common  carotid;  it  has  been  frequently  undertaken  successfully  for  sup- 
purative thrombophlebitis  of  the  sinus  cavemosus  of  otitic  origin. 
Thereby  the  road  to  the  general  circulation  is  closed  to  the  purulent  mat- 
ter; and,  at  the  same  time,  an  exit  is  provided  for  the  pus  by  the  splitting 
open  of  the  thrombosed  and  suppurating  part  of  the  vein,  and  of  the 
sinus,  with  subsequent  packing.  The  common  carotid  divides  at  the  level 
of  the  upper  border  of  the  thyroid  cartilage  (see  Fig.  126  on  page  101)  into 
external  and  internal  carotid,  the  former  being  a  little  more  superficial 
(ventral)  and  median,  the  latter  deeper  (dorsal)  and  lateral.  Along  the 
external  carotid  runs  for  a  short  distance  the  common  facial  vein,  which 
descends  from  nearer  the  median  line,  and  unites  at  the  level  of  the  bifurca- 
tion of  the  carotid  with  the  thyroid  vein,  and,  lying  over  the  carotid, 
opens  into  the  internal  jugular  vein  (in  Fig.  126  on  page  101,  this  vein 
has  been  removed).  In  extirpations  of  tumors  of  the  neck,  it  is  not  in- 
frequently mistaken  for  the  internal  jugular  vein,  as  it  may  also  be  very 
large,  and  the  surgeon  is  surprised  to  find  behind  it  still  a  second,  and 
much  larger,  venous  trunk.  It  is  formed  by  the  reunion  at  the  level  of 
the  hyoid  bone  of  both  facial  veins,  anterior  and  posterior. 

External  Carotid. 

The  external  carotid  gives  as  its  first  branch  immediately  after  its 
origin  the  superior  thyroid  artery  which  curves  forward  and  downward; 
the  second  is  the  somewhat  smaller  lingual  artery  which  runs  forward 
and  upward.  In  ligation  of  the  external  carotid,  which  is  frequently  ex- 
ecuted preventively  before  major  operations  on  the  face,  particularly 
resection  of  the  upper  jaw,  we  must— as  Wieting  has  recently  pointed 
out  again — select  the  intermediate  segment  between  the  origin  of  these 
two  arteries,  so  as  to  avoid  positively  progressive  thrombosis  (involve- 
ment of  the  internal  carotid  and  paralysis  of  one  side  of  the  body).  Be- 
sides, ligation  of  the  external  carotid  is  very  innocuous,  on  account  of  the 
very  numerous  existing  collaterals. 

The  incision  for  ligating  the  external  carotid  is  drawn,  the  head  being 
strongly  bent  backward,  from  the  angle  of  the  jaw  backward  and  down- 
ward to  the  anterior  border  of  the  stemo-cleido-mastoid  muscle.  It 
divides  the  same  structures  that  have  been  described  above.  The  external 
jugular  vein  lying  under  the  platysma  is  drawn  aside,  the  vascular  sheath 
opened,  whereupon  the  vascular  plexus  formed  by  the  common  facial  and 
superior  thyroid  veins  is  exposed.    This  plexus  is  pidled  upward  and 
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backward  with  a  blunt  hook.  Now  the  operative  field  is  crossed  by  the 
posterior  belly  of  the  digastric  muscle  and  by  the  hypoglossal  nerve  run- 
ning along  the  posterior  and  inferior  border  of  the  latter.  If  there  are  still 
any  doubts  as  to  the  vessel  now  seen  being  the  external  or  the  internal 
carotid  (both  vessels  can  be  ligated  through  the  same  incision) ,  the  same 
must  be  cautiously  denuded  upward  and  downward.  If  an  artery 
(thyroid  or  lingual)  arises  from  it,  it  is  the  external  carotid,  as  the  in- 
ternal does  not  emit  any  branches  before  its  entrance  into  the  carotidian 
canal. 

Superior  Thyroid  Artery. 

It  can  be  easily  found  at  its  origin  from  the  external  carotid  (see 
above),  but  is  ligated  at  that  point  only  in  case  of  necessity,  as  it  still 
gives  important  branches  for  the  hyoid  and  larynx  muscles.  (For  the 
rest,  see  Ooitre  operations. ) 

Inferior  Thyroid  Artery. 

It  springs  from  the  thyrocervical  axis,  the  second  big  branch  origi- 
nating from  the  convex  side  of  the  subclavian  artery.  Its  discovery  is 
difficult  According  to  Kocher,  it  is  carried  out  as  follows:  Oblique  in- 
cision, beginning  on  the  body  of  the  stemo-cleido-mastoid  muscle  and  ex- 
tending down  to  the  base  of  the  neck,  and  dividing  skin,  platysma,  and 
superficial  cervical  fascia.  The  stemo-cleido-mastoid  muscle  is  retracted 
laterally,  the  long  anterior  muscles  of  the  neck  toward  the  middle  line. 
Between  the  common  carotid  and  the  thyroid  gland,  whose  capsule  must 
be  slit,  dissection  with  a  blunt  instrument — the  artery  runs  behind  the 
large  bloodvessels  of  the  neck— brings  on  the  big  artery  which  forms  an 
arc  convex  upward  and  runs  upward,  outward,  and  forward,  and  lies  on 
the  inferior  laryngeal  nerve  in  the  groove  between  trachea  and  esoph- 
agus. Ligation  is  performed  here,  the  nerve  being  carefully  protected 
against  injury.  A  little  above,  directly  below  the  easily  recognizable 
carotidian  tubercle  (Chassaignac) ,  the  Processus  costarius  of  the  sixth 
cervical  vertebra  of  the  new  Anatomical  Nomenclature,  between  the  longus 
colli  and  the  scalenus  anterior,  the  vertebral  artery  enters  the  foramen 
transversum  of  the  sixth  cervical  vertebra  and  may  be  ligated  there. 

Lingual  Artery  (Figs.  127  and  129). 

The  latter  is  the  second  important  branch  arising  from  the  inner 
side  of  the  external  carotid.  It  ascends,  forming  an  arc  convex  upward 
behind  the  greater  horn  of  the  hyoid  bone  and  is  covered  up  to  the  tongue 
by  the  hyoglossus  muscle.  Its  position  is  extraordinarily  well  determined 
by  its  anatomical  relations,  and  its  exposure  cannot  be  deemed  difficult  if 
the  latter  receive  careful  attention.  Besides,  its  ligation  affords  a  very 
great  practical  interest  as  it  renders  possible— the  artery  being  essentially 
terminal— almost  altogether  bloodless  operations  on  the  corresponding  half 
of  the  tongue,  or  on  the  whole  tongue  when  both  sides  have  been  tied. 
Consequently,  ligation  of  the  lingual  is  performed  prior  to  extirpation  of 
the  tongue,  and  is  also  recommended  against  severe  hemorrhages,  in  in- 
operable tumors  of  the  tongue  and  in  macroglossia. 
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The  head  being  strongly  inclined  backward,  horizontal  incision  along 
the  upper  border  of  the  hyoid  bone  which  is  always  easy  to  feel  by  palpa- 
tion. Said  incision  is  carried  to  the  middle  tine  through  the  skin  and  pla- 
tysma,  whereupon  the  resistant  fascia  covering  the  submaxillary  gland 
comes  into  view.  This  fascia  is  transversely  incised  along  the  whole  lower 
border  of  the  gland,  which  is  lifted  out  of  its  bed  with  a  blunt  instrument 
and  hinged  upward  around  the  border  of  the  lowerjawbymeansofasharp 


Fig.  129. 


two-pronged  hook.  One  sees  then  the  intermediate  tendon  of  the  digastric 
muscle  connected  with  the  smaller  horn  of  the  hyoid  bone  by  a  fibrous 
strip,  and  both  its  bellies,  the  posterior  being  partly  hidden  by  the  stylo- 
hyoid muscle.  The  tendon  of  the  latter  encloses  the  intermediate  tendon 
of  the  digastric,  and  is  inserted  into  the  base  of  the  greater  horn  of  the 
hyoid  bone.  From  the  great  horn  and  the  body  of  the  hyoid  bone  ascends 
perpendicularly  the  thin  muscular  layer  of  the  hyoglossus  on  which  rests 
the  hypoglossal  nerve,  accompanied  by  the  lingual  vein ;  the  nerve  appears 
as  a  white,  round,  shining  string,  and  follows  a  curved  course  concave 
upward.     A  very  thin  fascial  layer  and  the  stylo-hyoid  and  digastric 
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muscles  still  cover  those  structures. '  The  lateral  posterior  border  of  the 
hyoglossus,  the  lower  border  of  the  posterior  belly  of  the  digastric  and 
the  upper  border  of  the  hyoid  bone  form  now,  especially  when  the  latter 
is  caught  and  drawn  downward  by  means  of  a  sharp  hook,  a  triangle  in 
which  the  lingual  artery  running  about  level  and  parallel  with  the  hypo- 
glossus,  and  separated  from  it  simply  by  the  thin  fascial  layer  and  flat 
muscular  body  of  the  hyogloasus  may  be  ligated.  The  artery  is  somewhat 
nearer  the  hyoid  bone  than  the  nerve.  The  fascial  layer  and  the  muscle 
are  incised  transversely  in  a  direction  parallel  with  the  hyoid  bone, 
whereupon,  in  the  living,  the  strongly  pulsating  artery  appears  imme- 
diately. On  the  cadaver,  it  is  enough  to  pass  a  small  ligature  carrier 
directly  above  the  hyoid  bone  in  the  direction  of  the  hyoglossus  fibres  to 
ordinarily  hook  up  immedi- 
ately the  artery,  which,  on 
the  cadaver,  is  always  very 
thin. 

The  lingual  artery  can  be 
also  ligated  above  the  anterior 
belly  of  the  digastric  muscle 
(see  diagrammatic  illustration 
in  Fig.  129  on  page  107)  close 
to  the  border  of  the  mylo-hyoid 
muscle,  which  is  visible  just 
in  the  anterior  angle  of  the 
wound.  The  space  in  which 
the  arterj-  lies  under  the  hyo- 
glossus is  limited  by  both 
bellies  of  the  digastric,  the 
hyix>}rlossal  nerve  and  the 
mylo-hj-oid  muscle.  The 
techniqvie  nt»od  not  Ik'  explained  hero  moro  in  detail 
Subclavian  Art€ry  (Fiirs.  12li.  !»>.  and  1311. 

For  tho  topography  of  tho  sulvlavian  artery,  the  important  thing  to 
know  is  Iho  lowor  liitora!  triangle  of  tho  nook  (Trigvmum  colli  inferior), 
which  is  doliiiiiuxi  l\v  the  lowor  Ix^nlor  of  tho  inferior  Ivlly  of  the  omo- 
h,void  musolo.  Iho  ^xwtorior  Ixmlor  of  iho  storn>>-o!oid*vmastoid  muscle 
and  tho  uptvr  lx>r\lor  of  tho  olaviolo.  Tho  depression  thus  formed  ts 
brii.is*xl  over  by  tho  suix^rtiotul  oorvieal  fascia,  which  extends  from  the 
IXKStorior  U^nier  of  the  storno-oleidv>-ni;tstoid  ni;!Sf.'le  to  the  irapezius 
muscle.  This  fasoia  is  ix'rforatrtl  by  tho  exTonial  jugular  vein  (see 
alx^vo  on  lUjK*  liW>,  .\ftor  r^'inoval  of  tlio  fascia  St^mo  more  or  less 
abundant  .tdijxist'  tissue  is  foiuul.  In  the  depth  aiv  l-.ero  two  muscles 
ver\-  imix^rtant  fn.>m  a  toixvrai'hioa]  si:indtx>ini ;  :he  anterior  and  middle 
scaloni,  whieh  aw  Ixuh  insert«\l  i;iie  the  tii-s;  r:K  :he  femior  into  the 
ahxA^'S  ojisib"  Ml  tuWrouluin  Si-;i!eiii  il.;si'n>iu-'s  '.■.ily-vlo*.  and  leave  be- 
tw-eon  thorn  a  narrvnv  triauKulur  spjuv  with  its  Kise  dewn  on  the  first  rib 
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and  apex  up.  This  space  gives  passage  in  its  upper  part  to  the  brachial 
plexus  (see  Fig.  126),  constituted  by  three  large  shining  tendonlike  nerve 
trunks;  and  in  its  lower  part  to  the  subclavian  artery.  The  subclavian 
vein  runs  close  in  front  of  the  insertion  of  the  anterior  scalenus  into  the 
first  rib  before  plunging  into  the  thorax.  In  frontof  the  nervous  plexus, 
just  above  the  collar-bone  lies  generally  the  arteria  transversa  scapulae 
which  arises  from  the  thyro-cervical  axis  and  disappears  behind  the 
clavicle  near  the  border  of  the  trapezius  muscle.  Behind  the  plexus  is 
the  arteria  transversa  colli,  which  generally  springs  from  the  convex  side 
of  the  subclavian.  Both 
arteries  have  a  practical 
importance,  as  they,  may 
play  a  part  in  the  estab- 
lishment of  a  collateral 
circle.  Whenever  possi- 
ble, the  subclavian  artery 
ought  to  be  tied  below  the 
origin  of  the  transversa 
colli.  Three  segments 
may  be  distinguished  in  , 
the  subclavian  artery:  I, 
the  first  or  intra- thoracic 
segment,  extending  from 
the  innominate  artery  or 
from  the  aortic  arch,  ac- 
cording to  the  side  under 
consideration,  to  the 
inner  border  of  the  an- 
terior scalenus  muscle ; 
II,  the  interscalenic  seg- 
ment extending    to  the 

point  of  emergence  from  the  interscalenic  space;   III,  the  clavicular 
segment  extending  to  the  upper  border  of  the  pectoralis  minor  muscle. 

In  this  last  segment,  the  artery  is  more  superficial  than  in  the  others; 
it  may  be  reached  below  or  above  the  clavicle.  The  word  "superficial" 
must  be  taken  in  a  relative  sense,  because  the  artery  is  always  still  very 
deep  and  its  depth  varies  also  in  different  individuals,  as  in  subjects  with 
a  thick  layer  of  adipose  tissue,  a  strongly  curved  collar-bone  and  not  very 
movable  scapulo-clavicular  joints,  the  depth  is  notably  greater  than  in  men 
conformed  differently.  The  artery  is  easily  recognized  in  the  living  by 
its  strong  pulsations :  in  the  cadaver  it  appears  as  a  Rat  band  lying  firmly 
on  the  first  rib. 

The  so-called  Mokrenheim's  fossa  is  particularly  important  for  the 
topography  of  the  subclavian  artery  below  the  clavicle.  This  fossa  is  de- 
limited by  the  lower  border  of  the  clavicle,  the  inner  border  of  the  clavi- 
cular part  of  the  deltoid  muscle  and  the  outer  border  of  the  clavicular  por- 
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tion  of  the  pectoralis  major.  These  two  muscular  insertions  leave  free 
between  themselves  a  short  sej^ent  of  the  lower  border  of  the  davicle,  a 
little  outside  of  its  middle,  and  they  can  always  be  felt  distinctly,  or  even 
seen,  as  well  as  the  whole  clavicle,  if  not  too  fat  subjects.  In  fat  indi- 
viduals, the  depression  must  be  sought  at  the  junction  of  the  third  with 
the  fourth  fifths  of  the  collar-bone,  counting  from  the  stemuuL  Beneath 
the  subcutaneous  fat,  we  find  here  the  deltopectoral  fascia:  under  the  lat- 
ter, some  more  fat  in  which  is  imbedded  the  cephalic  vein,  which  comes 
obliquely  from  the  bicipital  sulcus  in  the  groove  between  the  deltoid  and 
pectoral  muscle  and  runs  upward  and  inward.  It  perforates  the  tough 
coraco-clavicular  fascia  (deep  layer  of  the  pectoral  fascia)  which  covers 
the  pectoralis  minor  and  subclavius  muscles.  As  following  the  cephalic 
vein  leads  necessarily  to  the  subclavian  vein,  the  former  is  a  very  impor- 
tant anatomical  landmark.  Above  the  thus  found  subclavian  vein,  is 
found  the  subclavian  artery.  Under  the  coraco-clavicular  fascia  lies  the 
pectoralis  minor  muscle,  whose  upper  border  ascends  a  little  obliquely 
outward  and  upward  to  the  coracoid  process.  Between  this  muscuku* 
border  and  the  deltoid  lies  outermost  and  uppermost  close  to  the  coracoid 
process  the  brachial  plexus;  below  the  latter,  the  subclavian  artery,  below 
and  internally  of  the  latter  the  subclavian  vein.  From  the  subclavian 
artery  springs  forward  the  soon  subdivided  acromio-thoracic  artery;  into 
the  vein  opens,  as  already  mentioned,  the  cephalic  vein. 

Ligation  of  the  Subclavian  Artery  Above  the  Clavicle  (Figs.  130 
and  131). 

Dorsal  position  with  flat  pillow  under  the  shoulders.  Head  a  little 
rotated  toward  the  opposite  side;  arm  of  the  diseased  side  strongly  ab- 
ducted. Incision  (see  Fig.  127  on  page  103)  above  the  clavicle,  from  the 
anterior  border  of  the  trapezius  to  the  external  border  of  the  stemo-cleido- 
mastoid  muscle.  After  avoiding  the  external  jugular  vein,  the  surgeon 
divides  the  fascia;  the  cut  edges  of  the  latter  are  fastened  with  clamps 
and  drawn  upward  and  downward  respectively.  The  blunt  dissection 
is  carried  deeper  into  the  fatty  tissue,  filling  the  inferior  triangle  of  the 
neck,  whereby  the  posterior  belly  of  the  omyhyoid  muscle  and  its  inferior 
border  appear.  Blunt  retractors  pull  this  muscle  upward  and  outward. 
Next  we  meet  the  brachial  plexus  descending  steeply  downward  and  out- 
ward and  marking  the  apex  of  the  interscalenic  space.  Then  the  anterior 
and  middle  scaleni  are  easy  to  find.  The  first  one  is  followed  down  till 
its  insertion  into  Lisfranc's  tubercle  on  the  first  rib  is  either  seen  or  felt, 
and  then  immediately  behind  this  insertion  is  found  the  subclavian  artery, 
in  the  living  a  mightily  pulsating  vessel;  in  the  cadaver  a  flat  fibrous 
band.  There  is  no  risk  of  wounding  the  vein  which  passes  in  front  of 
the  anterior  scalenus,  nearer  the  middle  line. 

Riedel  recently  recommended  for  the  exposure  of  the  subclavian  artery 
above  the  clavicle  a  longitudinal  incision  going  from  the  transverse  pro- 
cess of  the  fifth  cervical  vertebra  to  the  middle  of  the  clavicle.  The  soft 
parts  that  are  divided  are  the  same  as  in  the  preceding  technique,  but 
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generally  the  external  jugular  vein  is  not  seen.  On  the  other  hand,  one 
meets  the  transversa  colli  artery  which  must,  whenever  possible  and 
when  necessary,  be  spared  as  being  the  principal  feeder  of  the  collateral 
circle.  The  brachial  plexus  is  found  first  and  is  easily  followed  down- 
ward to  the  subclavian  artery. 

Ligation  of  the  Subclavian  Artery  Below  the  Clavicle  (Figs.  132 
and  133). 

Incision  beginningatabout  the  junction  of  the  middle  and  outer  thirds 
of  the  clavicle  and  running  a  little  obliquely  downward  and  outward. 
After  division  of  the  thin  deltopectoral  fascia  (superficial  layer  of  the 
pectoral  fascia),  the  borders  of  the  deltoid  and  pectoralis  major  are  easily 
denuded.     The  pectoralis  major  is  strongly  drawn  inward  with  blunt 


Fig.  132. 


hooks.  The  cephalic  vein  is  spared,  then  appears  the  coracoclavicular 
fascia  which  is  split  in  a  direction  parallel  with  that  of  the  skin  incision, 
and  the  internal  edge  of  the  fascial  incision  is  taken  with  the  retractor 
already  holding  the  j)ectoralis  major.  The  exposed  field  is  then  crossed 
in  the  outer  and  lower  angle  of  the  wound  by  the  border  of  the  pectoralis 
minor  which  must  be  retracted  outward  with  the  external  edge  of  the 
incision  made  in  the  coraco-brachial  fascia  (consequently  not  visible  in 
Figs.  132  and  133) .  The  above  described  nerve  and  vascular  trunks  are 
then  found,  but  closer  to  each  other.  The  artery  is  isolated  by  blunt  dis- 
section beginning  on  the  vein  side,  and  the  ligature  is  carried  from  below 
upward  and  outward. 

Indication*. — The  subclavian  artery  may  be  tied  for  injuries,  aneu- 
rysms or  as  a  preliminary  step  before  exarticulation  of  the  shoulder  or 
interscapulo-thoracic  amputation.  In  the  latter  case,  it  is  good  to  tie 
at  the  same  time  the  thyro-cervical  axis  on  account  of  its  numerous 
collaterals. 
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Internal  Mattunary  Artery. 

This  important  branch  of  the  subclavian  artery  arises  from  the  caa- 
ca\'e  side  of  the  latter,  opposite  the  vertebral,  behind  the  clande  and  the 
first  costal  cartila^,  and  descends 
perpendicularly  at  about  one  centi- 
metre from  the  sternal  border  and 
on  the  transversus  thoracis  muscle 
1  triangularis  stemi)  and  the  pleura, 
and  is  accompanied  on  its  inner 
side  by  the  internal  mammary  vein, 
generally  single  in  its  upper  pM*- 
tion  and  double  below.  The  inter- 
nal manmiai>'  arter>'  has  numerous 
anastomoses  with  the  intercostal 
arteries. 

Stab  wounds  supply  the  roost 
frequent  cause  of  ligation  of  tiie 
internal  n)anmuur>'  artery. 

On  account  of  the  there  larger 
calibre  of  the  arter>%  ligation  is 
easier  in  the  second  and  third  intercostal  spaces  than  in  the  fourth  or 
fifth.  Incision  (Pig.  1^1  beginning  on  the  sternal  border  and  extend- 
ing outward  in  the  direction  of  the  intercostal  space.  di\'ision  of  the 
superficial  fascia  and  blunt  separation  of  the  fibres  of  the  sternal  part 
of  the  pecioralis  major.  Now  appear  the  ligaments  coniscantia  (fibres 
directed  from  above  downward 
and  inward^  after  these  have 
been  divided  we  find  the  inter- 
nal intercostal  muscles  ifibres 
directed  from  aUwe  downwan.! 
and  outward*.  Pireoily  under 
the  latter  lies  the  internal  man'.- 
mar\\ 

For  ligations  of  inierwisial 
arteries  which  nii;  heiwoei;  :V.o 
external ar.d  iniomal  iricwista! 
muscles^  remomivr  that  iior!Wi"iy 
of  the  axilSai?"  line  the  anor>-  is 
c»>vered  by  the  riK  a;:d  vcr- 
tra".i>'  of  the  same  ;tr.o.  r,;ns 
under  tho  lower  Ivrder  of  t!'.c  ; 
cavitj-.  * 

Axitta  \.T\^.  l:Vi*.     Frv^ni  tht 


■ib.     ^St,v  als*''  Tsyvir^:  of  ihe  pleonl 


down,  tho  sutv".*v;an  aru- 
until  :t  *'r.:ers  tho  ir.torr.s'. 
tion,  a  somewha:  n^.>:v  c 


ty^mor  o:  ;r.t'  ivo:ori.i5  minor 
■  is  oa'.U\;  axi'.'^ar;-  Ar:er>-  ar.ii  keeps  this  name 
^".;vt;i'.  s;:'.i\'.A.  Ir.  or^ior  :o  tio::r,e  we",  its  posi- 
ict  J.cscr;v::ov.  of  :>.o  arrr.i  ■::  is  r.ee6edL  and 


SURGERY  OF   THE  BL00DVESSEI5  113 

indeed  in  that  position  in  which  we  generally  expose  and  see  its  different 
structures.  The  subject  lies  on  the  back,  the  shoulder  close  to  the  edge  of 
the  table,  the  arm  is  abducted  90°,  and  the  elbow  flexed  at  right  angles.   By 


raising  and  lowering  the  arm  in  that  position,  one  may  stretch  alternately 
the  pectoralis  major  or  the  latissimus  dorsi  and  bring  in  still  better  view 
the  underlying  structures. 
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The  axillary  cavity  is  limited  ventrally  by  the  lower  border  of  the 
pectoralis  major,  dorsally  by  the  lower  border  of  the  latissimus  dorsi, 
above  by  the  humerus  and  subscapularis  muscle,  inwardly  by  the  thoracic 
wall,  externally  by  the  coraco-brachialis  muscle  and  the  short  head  of 
the  biceps.  Near  the  thorax,  it  has  a  considerable  depth;  it  tapers  pro- 
gressively toward  the  internal  bicipital  sulcus.  In  not  too  fat  individuals, 
the  borders  of  the  pectoralis  major  and  of  the  latissimus  dorsi  are  very 
easily  felt,  and  when  the  arm  is  more  strongly  raised,  the  humeral  head 
and  the  stretched  cordlike  structures  of  the  axillary  plexus  passing  on 
that  head  can  also  be  palpated. 

The  fascial  layers  are  very  important  for  the  topography  of  the  axilla. 
Besides  the  superficial  muscular  fascia,  which  is  only  the  external  layer 
of  the  pectoral  fascia,  the  most  important  to  consider  is  the  fascia  axil- 
laris proper,  which  is  thin  and  perforated  in  many  places,  and  passes 
directly  above  in  the  tough  coraco-clavicular  fascia  already  more  exactly 
described  with  the  subclavian  artery.  Therefore,  when  the  surgeon 
wants  to  penetrate  from  in  front  into  the  axillary  cavity,  as  for  instance, 
in  amputation  of  the  breast,  he  must  first  divide  this  fascia  along  the 
edge  of  the  pectoralis  minor.  When  the  axilla  has  been  entered,  after 
the  fascia  has  been  split  in  a  direction  parallel  with  the  long  axis  of  the 
arm,  both  edges  gap  very  widely  apart,  because  it  is  normally  strongly 
stretched  and  firmly  pushed  in  the  axilla  by  atmospheric  pressure;  and 
there  appears  a  more  or  less  abundant  mass  of  fatty  tissue  which  sends 
up  two  pointed  expansions,  one  ventral  and  one  dorsal,  containing  many 
lymphatic  glands,  in  front  and  back  of  the  vascular  and  nervous  plexus. 
Sometimes,  from  the  tendon  of  the  latissimus  dorsi  arises  a  tendinous  or 
muscular  bundle  which  passes  over  the  vascular  and  nervous  plexus  and 
both  heads  of  the  biceps,  and  goes  to  the  place  of  insertion  of  the  pectora- 
lis major  {Langer's  axillary  muscle).  If  the  axillary  cavity  be  emptied  of 
its  fat,  the  vessels  and  nerves  being  carefully  spared,  and  if  the  longi- 
tudinally incised  fascia  be  retracted  dorsally  and  ventrally,  then  the  fol- 
lowing structures  lie  before  the  eye. 

Most  superficially  is  the  axillary  vein,  which,  after  the  fascia  has  been 
largely  split,  sinks  backward  and  downward.  The  axillary  vein  changes 
its  relations  with  the  artery  so  that,  first  running  nearer  the  middle  line 
than  the  latter  (see  Ligation  of  subclavian  artery  below  the  clavicle) 
it  progressively  comes  directly  in  front  of  the  axillary  artery  in  the  in- 
ternal part  of  the  axilla  and  at  the  entrance  of  the  internal  bicipital 
groove  has  split  into  two  veins,  each  of  which  runs  along  one  side  of  the 
artery.  The  axillary  vein  receives  anteriorly  only  a  few  unimportant 
twigs,  but  behind  it  receives  on  the  thoracic  wall  the  thoraco-epigastric 
vein  and  on  the  border  of  the  subscapularis  muscle  the  large  subscapular 
vein.  Farthest  ventrally  in  the  axillary  cavity  and  forming  its  anterior 
limit,  is  the  pectoralis  major,  under  which,  and  separated  from  the  latter 
by  the  coraco-clavicular  fascia  (axillary  fascia) ,  appear  medially  the  pecto- 
ralis minor,  laterally  the  coraco-brachialis  and  the  short  and  long  heads  of 
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the  biceps.  Near  the  border  of  the  coraco-brachialis  begins  the  vasculo- 
nervous  plexus— consisting  of,  from  in  front  backward^-the  big  musculo- 
cutaneous nerve  arising  from  the  trunk  of  the  median  nerve  at  the 
level  of  the  coracoid  process:  next,  the  axillary  vein  which  has  already 
sunk  backward ;  and  a  little  deeper,  under  the  thus  artificially  created 
relations,  the  median  nerve,  the  axillary  artery,  and  the  ulnar  nerve. 
These  two  nerves  are  united  in  most  cases  in  the  internal  part  of  the  ax- 
illa by  a  large  anastomotic  segment  (indicated  in  Fig.  136  by  a  dotted 
line  over  the  artery)  which  crosses  the  axillary  artery  in  front  -On  the 
ulnar  nerve  lies  still  the  fairly  large  internal  cutaneous  nerve  of  the  fore- 
arm, and  the  thin  lesser  internal  cutaneous  nerve  of  the  arm.  The  radial 
(muscuto-spiral)  nerve  lies  farthest  dorsally.  Next  to  the  median  nerve, 
it  is  the  biggest  nerve  trunk,  goes  away  from  the  other  nerves,  and  runs 


Fig.  136. 


in  front  of  the  tendons  of  the  teres  major  and  of  the  lati'ssimus  dorsi 
toward  the  posterior  region  of  the  arm.  The  long  thoracic  nerve  with 
the  thoraco-epigastric  (long  thoracic)  vessels  runs  downward  along  the 
thoracic  wall  (serratus  major  muscle)  and  appears  behind  the  big  vessels 
and  nerves.  Farther  from  the  median  line,  on  the  subscapular  muscle 
lies  the  subscapular  nerve,  together  with  the  subscapular  artery  and  veins, 
these  being  very  large  vessels  and  subdividing  soon  into  branches.  The 
axillary  nerve  is  not  seen:  it  goes  backward  with  the  circumflex  artery 
through  the  lateral  axillary  hiatus  (between  the  surgical  neck  of  the 
humerus,  the  long  head  of  the  triceps,  the  teres  major  and  minor,  and  the 
subscapular)  to  the  deltoid  and  teres  minor  muscles. 

Ligation  of  the  Axillary  Artery  (Figs.  136  and  137). 

The  incision  (see  Fig.  135  on  page  113)  runs  in  the  prolongation  of  the 
internal  bicipital  groove,  on  the  border  of  the  coraco-brachialis  and  short 
head  of  the  biceps,  which  are  not  always  easy  to  feel  (older  authors  say 
along  the  upper  limit  of  the  axillary  hair).  It  beginsat the  meeting-point 
of  the  armpit  and  the  thorax,  and  reaches  to  the  bicipital  groove,  dividing 
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skin,  fatty  subcutaneous  tissue,  and  the  often  very  thin  fascia.  Below 
the  latter  appears  the  axillary  vein,  strongly  distended  in  the  living  but 
very  slender  inthe  cadaver;  afterthe  fascia  has  been  split,  the  vein  sinks 
backward  spontaneously  or  is  drawn  toward  the  same  direction  with 
blunt  retractors.  Close  to  the  edge  of  the  coraco-brachialis  appears  a  big 
nerve,  the  median;  for  a  short  time  the  musculocutaneous  nerve  lies 
also  close  to  the  muscle,  but  soon  disappears  in  the  depth.  A  little  dor- 
sally  is  the  somewhat  smaller  ulnar  nerve  and  between  and  underneath 
those  two  nerves  lies  the  axillary  artery,  collapsed  in  the  cadaver,  and 
around  which  a  thread  is  carried,  from  either  side  indifferently.  If  the 
artery  seems  very  thin,  think  of  the  possibility  of  a  high  division  in  radial 
and  ulnar.  The  same  precept  holds  good  for  the  brachial  artery.  The 
axillary  artery  cannot  be  missed  when  the  arm  is  held  in  the  right  posi- 


tion and  the  two  thick  nervous  strings,  the  median  and  the  ulnar,  have 
been  correctly  identified. 

Arteries  of  the  Arm  {Fig.  135  on  page  113). 

While  the  ulnar  nerve  soon  leaves  the  axillary  or  brachial  artery  and 
runs  dorsally  of  the  internal  intermuscular  ligament,  accompanied  by  the 
small  superior  ulnar  collateral  artery,  on  the  short  head  of  the  biceps, 
toward  the  ulnar  groove  behind  the  epitrochlea  of  the  humerus,  the 
median  nerve  keeps  close  connections  with  the  brachial  artery  down  to  the 
elbow.  In  the  axilla,  the  nerve  lies  ventrally  (in  front)  of  the  artery:  in 
the  middle  of  the  bicipital  groove,  it  lies  directly  over  it,  crosses  it  and 
henceforth  down  to  the  elbow  keeps  more  and  more  on  its  inner  (ulnar) 
side  (see  the  diagrammatic  illustration.  Fig.  135,  in  which  the  crossing 
of  the  artery  by  the  nerve  is  placed  somewhat  too  near  the  root  of  the 
limb).    In  tiie  bicipital  groove,  the  brachial  artery,  together  with  the 
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median  nerve  and  one  or  two  veins,  lies  on  the  internal  intermuscular 
ligament,  under  the  muscular  fascia,  near  the  edge  of  the  biceps  and  later 
on  the  brachialia  anticus.  The  basilic  vein  generally  runs  in  the  distal 
half  of  the  arm  in  the  bicipital  groove  above  the  muscular  fascia;  in  the 
proximal  half,  it  runs  under  the  muscular  fascia  in  the  same  sheath  as 
the  artery,  the  brachial  veins  and  the  median  nerve.  In  Figs.  138  and 
139,  it  is  represented  at  the  point  it  goes  through  the  muscular  fascia, 
therefore  close  to  the  point  where  it  opens  into  the  brachial  vein. 

Ligation  of  the  Brachial  Artery. 

Incision  (see  general  direction  of  incisions  in  Fig.  135  on  page  113)  in 
the  middle  third  of  the  arm  (see  Figs.  138  and  139— position  of  the 
patient  exactly  the  same  as  for  ligation  of  the  axillary)  a  little  forward 


Fig.  13S. 


Fig.  139. 


of  the  internal  bicipital  sulcus,  which  in  most  cases  can  be  seen,  but 
which  anyhow  can  always  be  felt  by  grasping  the  biceps  muscle  with  the 
(texed  fingers  {thumb  on  the  outer,  four  other  finger-tips  on  the  inner  as- 
pect of  the  arm).  The  basilic  vein  and  the  internal  cutaneous  nerve  of 
the  forearm  are  drawn  backward.  In  the  illustrations,  the  basilic  vein  is 
seen  after  its  passage  through  the  fascia  (held  by  clamps)  running  in  the 
same  fascial  compartment  as  the  median  nerve  and  the  brachial  artery. 
The  intermuscular  ligament  presents  itself  as  somewhat  stronger,  shining 
tendinouslike  strips.  A  little  forward  of  this  ligament,  the  fascia  is  in- 
cised and  held  on  either  side  with  a  clamp.  Forthwith  the  thick  median 
nerve  is  seen  and,  behind  it.  the  brachial  artery. 

This  description  of  the  ligation  of  the  brachial  artery  at  the  middle 
portion  of  the  arm  will  be  sufficient,  because  it  can  be  found  without 
great  difficulty  in  the  proximal  and  distal  thirds  if  one  has  the  topograph- 
ical observations  present  to  the  mind. 
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I  remark  here  also  that  it  is  quite  possible  to  expose  the  humeral  shaft 
from  the  inner  side,  in  front  of  the  brachial  artery  and  the  median  nerve, 
without  injuring  any  essential  organ,  as  has  been  proposed  already  eight 
years  ago  (by  whom  I  have  been  unable  to  find  again).  I  have  done  it  a 
few  times  and  I  am  convinced  that  the  humerus  is  much  more  easily  ac- 
cessible from  the  internal  than  from  the  external  bicipital  groove,  in 
which  one  has  always  to  fear  injury  to  the  radial  nerve,  especially  when 
the  relations  have  been  made  abnormal  by  thickenings  due  to  a  callus  or 
to  periostitis. 

Ligation  of  the  Cubital  Artery  (Figs.  140  and  141). — Surgeons  gen- 
erally call  cubital  the  brachial  artery  in  the  r^ion  of  the  elbow  bef(H«  its 


division  into  radial  and  ulnar,  which  division,  as  already*  said  before,  may 
occur  sometimes  in  the  axilla  or  in  the  arm.  The  arter\'  lies  here  dose  to 
the  ulnar  ed^  of  the  hioeiw  or  rather  of  its  tendon,  and  under  the  ndi- 
atir.g  lacerrus  nbn^s-js  which  goes  from  the  latter  toward  the  ulnar  side 
of  the  forearm.  The  sharp  proximal  ed^e  of  the  latter  can  be  palpated 
easily,  esiveially  if  the  b;oe»s  is  put  on  the  stretch,  and  therefore 
is  an  unfai'.ir.g  ar.a:omica;  ".ar.dmark  to  lind  the  artery.  The  latter  is 
accompar.ied  by  or.e  or  two  vc:r.s.  while  the  median  nerve  is  here  fartlier 
toward  the  ep::n.vhiea.  If  we  see  this  thick  ner\oiis  ooni,  we  must  keep 
nearer  the  biceps  tendon. 

The  ir<o:sion  (Fig.  1351  for  the  ligation  is  somewhat  cuned:  it  follows 
the  u!r.ar  border  of  the  bioev*s  tender,  ar.d  its  niiddie  corresponds  to  the 
fel;  ediw  of  the  lacertus  iibrosus.     A  notch  can  Iv  cut  into  the  latter,  and 
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directly  below  lies  the  artery  with  its  veins.  The  veins  running  in  the 
subcutaneous  fat,  median  cephalic  and  median  basilic,  which  form,  with 
tiie  cephalic  and  basilic,  an  M  with  base  turned  toward  the  hand,  but 
withal  have  no  constant  course,  must  be  spared. 

Ligation  of  the  Radial  Artery  (Figs.  135  and  142). 

The  radial  artery  lies  at  first  between  the  pronator  teres  and  brachio- 
radialis  (supinator  longus)  muscles,  later  between  the  same  brachioradialis 
and  the  flexor  carpi  radialis,  whose  tendon  may  easily  be  felt  by  palpation 
as  the  farthest  situated  radially  of  the  palmar  group  of  tendons,  and  fol- 
lowed up  from  above  the  wrist-joint  almost  to  the  middle  of  the  forearm. 
It  can  be  easily  found  everywhere  along  that  course.  The  most  frequent 
site  of  injury,  and  also  of  ligation,  is  above  the  wrist-joint  (Direction  of 
incision,  see  Fig.  135  on  page  113).  First  palpate  the  tendon  of  the  flexor 
carpi  radialis  and  the  styloid  process  of  the  radius  and  take  the  middle 
of  the  interval  between  the  two.    A  short  incision  dividing  skin  and 


Fig.  142. 


fascia  leads  quickly  to  the  artery  accompanied  by  two  veins  and  resting 
on  the  pronator  quadratus. 

The  median  nerve  at  the  elbow  has  separated  from  the  brachial  artery, 
has  passed  under  the  pronator  teres  and  the  flexor  carpi  radialis,  and 
emerges  again  above  the  wrist-joint  between  the  tendons  of  the  last 
named  muscle  and  of  the  palmaris  longus.  Just  below  the  elbow,  the 
nerve  is  on  the  ulnar  side  of  the  ulnar  artery,  but  soon  crosses  the  latter 
anteriorly  and  passes  on  its  radial  side. 

The  ulnar  artery,  which  still  gives  the  important  common  interosseous, 
is  in  its  upper  portion  larger  than  the  radial.  It  lies  between  the  super- 
ficial and  deep  flexor  sheaths,  and  in  the  distal  third  of  the  forearm  on 
the  radial  edge  of  the  flexor  carpi  ulnaris  or  of  its  tendon ;  the  latter 
is  inserted  into  the  easily  palpated  pisiform  bone,  and  the  artery  is 
easy  to  expose.  The  ulnar  nerve  runs  on  the  ulnar  (little  finger)  side  of 
the  artery,  which  is  accompanied  by  two  veins. 

The  incision  for  the  ligation  of  the  ulnar  artery  above  the  wrist-joint 
falls  on  the  radial  border  of  the  tendon  of  the  flexor  carpi  ulnaris,  which 
can  be  easily  found  from  the  above  given  data.    After  the  splitting  of 
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the  fascia,  the  same  tendon  appears  and  is  somewhat  deflected  toward 
the  ulnar  side.  The  artery  is  immediately  seen,  through  a  very  thin 
fascial  layer  which  farther  radially  unites  with  the  superficial  fascia  and 
still  remains  to  be  incised.  On  the  radial  side,  the  tendon  of  the  flexor 
digitorum  sublimis  is  eventually  seen. 

Superficial  Palmar  Arch  (Figs.  143  and  144). 

This  arch  is  formed  in  the  palm  of  the  hand  by  the  union  of  the  ulnar 
artery  and  of  a  palmar  branch  of  the  radial  artery.     It  lies  under  the 
palmar  fascia  and  its  chief  branches  are  the  arteriae  digitales  cwnmunae. 
Its  position  is  variously  estimated.     Either  a  line  is  drawn  about 
parallel   with    the    middle 
/      JT^^ -^^^    J^^W      P*'"!^  wrinkle   from    the 
..J      fc  rf     /       -3      jjp  qJ  ^^  styloid  process 
of  the  ulna  to  the  flexion 
side    of    the   thumb,    the 
latter  being  extended  and 
abducted  as  shown,  in  Fig. 
144.     If  now  an  incision  be 
made  in  the  palm  of  the 
hand  equally  distant  from 
that    line    and    from    the 
middle  palmar  fold,  and  di- 
vides the  skin,  the  subcu- 
taneous   fat    traversed  by 
strong  fibrous  bands  uniting 
the  skin  with  the  underly- 
ing plane,  and  the  palmar 
fascia,  it  reaches  the  most 
peripheral  part  of  the  super- 
ficial palmar  arch  accompanied  by  two  veins  and  from  which  spring  ofl! 
the  common  digital  arteries. 

Or,  to  find  the  arch,  we  may  take  the  middle  of  the  space  between  the 
middle  palmar  and  the  fold  limiting  the  thenar  eminence;  or  divide  into 
two  the  angle  formed  by  the  meeting  of  those  two  furrows.  (Fig.  143.) 


Arteries  of  the  Lower  Hbctremity 

Common  Iliac  Artery.— Vc\&  aorta  divides  about  at  the  level  of  the 
navel,  on  the  lower  border  of  the  fourth  lumbar  vertebra,  into  left  and 
right  common  iliac  arteries.  The  common  iliac  artery  is  about  four  or 
six  centimetres  long  and  descends  very  obliquely  outward  and  down- 
ward, to  subdivide  in  front  of  the  sacroiliac  synchondrosis  into  internal 
iliac  and  external  iliac  arteries.  Experimentally  it  has  been  possible  to 
tie  one  common  iliac  artery  without  permanent  disturbances ;  but  bilateral 
ligation  has  always  been  as  fatal  as  ligation  of  the  abdominal  aorta.  The 
statistics  of  ligation  of  the  common  iliac  have  been  recently  collected  by 
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Dreist  (Deutsche  Zeitschr.f.  Chir.,  Bd.  71,  page  5).  In  the  same  paper, 
accurate  data  as  to  permanent  and  temporary  extra-  and  intraperitoneal 
ligation  and  to  intrarectal  compression  of  the  artery  are  given.  Even  in 
the  antiseptic  period,  the  mortality  after  ligation  is  still  above  55%. 

As  to  the  exposure  of  the  common  iliac,  I  shall  say  that  before  de- 
scribing this  operation,  a  more  exact  knowledge  of  the  anatomy  of  the 
abdominal  wall,  such  as  is  given  in  the  chapter  on  Ureteral  operations,  is 
required. 

I  shall  also  briefly  sketch,  when  speaking  of  prostatic  hypertrophy, 
the  ligation  of  the  internal  iliac,  which  for  years  has  been  performed  for 
the  cure  of  that  condition. 

External  Iliac  Artery.^ — From  the  bifurcation  point  in  front  of  the 
sacroiliac  synchondrosis,  the  external  iliac  artery  rests  on  the  internal 


Fig.  144. 


border  of  the  iliopsoas  muscle,  external  to  the  iliac  vein,  covered  by  peri- 
toneum, on  the  iliac  fascia;  it  gives  by  its  external  side  a  few  small  mus- 
cular twigs,  but  no  large  branches,  until  it  reaches  the  inguinal  ligament 
(Poupart's).  At  the  level  of  the  upper  border  of  the  latter  it  sends  out- 
ward and  upward  the  circumflexa  ileum  profunda,  and  from  its  anterior 
surface  arises  the  big  inferior  epigastric  artery  which  ascends  toward 
the  middle  line  between  the  transversalis  fascia  and  the  peritoneum, 
accompanied  by  two  veins,  and  occupies  a  ventral  position  relatively  to 
the  external  iliac  vein. 


*  Althoufirh  I  understand  well  that  a  more  exact  greneral  study  of  the  anatomy 
of  the  abdominal  walls  (see  later  Anatomy  of  the  abdominal  wall)  ousrht  to  come  before 
a  description  of  the  ligration  of  the  external  iliac  artery,  I  nevertheless  have  described 
the  latter  here  with  the  others,  so  that  students  would  find  arterial  li^rations  all 
grouped  togrether. 
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Ligation  of  the  External  Iliac  Artery  (Figs.  145  to  147) . 

The  external  iliac  crosses  the  inguinal  ligament  just  about  exactly  at 
the  middle  of  the  distance  between  the  antero-superior  iliac  spine  and  the 
symphysis,  in  female  subjects  a  little  nearer  the  median  line.  In  all  not 
too  fat  subjects,  the  ligament  inserted  into  the  spine  of  the  pubis  and  the 
iliac  spine  may  be  easily  seen  and  felt,  especially  when,  by  pushing  a 
cushion  under  the  buttocks,  we  stretch  a  little  the  hip-joint ;  in  order  to 
feel  this  ligament,  the  tips  of  the  half -flexed  fingers  must  be  moved  up  and 
down  lightly  perpendicularly  to  its  direction.  In  case  of  markedly  adi- 
pose and  flabby  abdominal  walls,  we  must  first  divide  the  skin  and  the 


Fig.  145. 


fatty  tissue,  and  shove  them  bluntly  off  the  abdominal  wall,  before  we 
can  identify  with  certainty  the  shining  whitish  and  yellowish  ligament. 
When  it  has  been  found,  or  its  position  has  been  determined  on  the  outer 
skin  by  tracing  a  straight  line  uniting  the  antero-superior  iliac  spine  and 
the  symphysis,  the  incision  is  made  about  2  cm,  above  the  ligament  and 
parallel  with  it;  and  carried  through  the  skin,  fatty  tissue,  and  thin 
fascia  superficialis  loosely  connected  with  the  musculo-aponeurotic  cover 
of  the  abdomen ;  so  that  the  supposed  position  of  the  artery  corresponds 
to  the  middle  of  said  incision  (see  diagrammatic  illustration  No,  145). 
Before  us  lies  now  the  tendinous  shining  aponeurosis  of  the  external 
oblique  of  the  abdomen  (the  muscular  belly  itself  terminates  more  later- 
ally and  does  not  come  into  view)  whose  fibres  run  parallel  with  Poupart'a 
ligament,  but  in  which  we  can  also  clearly  see  fibres  corresponding  in 
direction  to  those  of  the  external  oblique  of  the  opposite  side,  belonging 
originally  to  the  aponeurosis  of  the  latter  and  passing  from  it  into  Poupart'a 
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ligament  after  curving  slightly  (fibrje  intercrurales).    These  fibres  are 

rightly  considered  as  very  important  for  topographical  orientation  when 

normal  relations  are  altered, 

in  hemorrhages,  inflamma- 
tions, etc.    The  aponeurosis 

must  be  divided,  eventually 

on  a  grooved  -director,  for  a 

length  of  6  to  8  cm.  in  the 

direction  of  the  skin  inci- 
sion ;  its  edges  are  taken  on 

each  side  with  two  clamps 

and  drawn  laterally.    The 

muscle-  fibres  that  appear 

now,  about  parallel  with  the 

inguinal  ligament,  belong  to 

the  internal  oblique  muscle 

of  the  abdomen,  which  is 

inserted  into  said  ligament 

and  has  here  fibres  directed 

obliquely  downward,  just  as 

the  underlying  transversus 

abdominis.     By  means  of  a  blunt  instrument  {Kocher's  spatula)    the 

muscle  fibres  are  separated  from  each  other,  during  which  step  the 

oblique  and  the  trans- 
versus are  difiicultto  dif- 
ferentiate, until  a  fascia, 
the  fascia  transversalis, 
is  seen.  As  soon  as  the 
latter  has  been  a  little 
exposed,  the  fiexed  fin- 
gers are  introduced  in  the 
wound  and  enlai^e  the 
muscular  wound  by  pull- 
ing on  the  muscle  in  the 
direction  of  its  fibres. 
Blunt  hooks  keep  apart 
the  edges  of  the  muscu- 
lar gap,  two  dissection 
forceps  lift  up  the  fascia 
transversalis  in  a  trans- 
versal fold,  in  which  a 
very  short  incision  is 
made,  so  as  to  avoid 
wounding  at   the   same 

time  the  subjacent   peritoneum  loosely    connected  with  the  fascia.     A 

grooved  director  or  a  Kocher  spatula  is  inserted  under  the  fascia  and  the 


Fig.  147. 
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latter  incised  on  the  whole  length  of  the  muscular  incision.  If  one  pro- 
ceeds thus,  step  by  step,  there  is  no  chance  of  wounding  the  peritoneunL 
In  the  now  exposed  subserous  space  filled  with  adipose  and  connective 
tissue  lie  the  external  iliac  vessels,  and  generally  also  one  or  several 
lymphatic  glands.  Just  above  Poupart's  ligament,  the  circumflex  iliac 
vein  passes  over  the  artery  toward  the  external  iliac  vein ;  it  is  retracted 
downward.  An  assistant  grasps  with  the  whole  hand,  the  fingers  being 
flexed  at  a  right  angle  with  the  palm,  and  eventually  covered  with  a  large 
gauze  compress,  or  with  a  large  flat  retractor,  the  upper  edge  of  the 
wound,  and  holds  the  peritoneum  and  the  intraperitoneal  organs  upward. 
The  vessels  are  isolated  by  blunt  dissection  with  a  dissection  forceps  or 
Kocher^s  spatula;  the  artery  lies  outside  of  the  vein  on  the  border  of  the 
iliopsoas  muscle  still  covered  by  the  fascia  iliaca.  The  inferior  epigastric 
artery  which  crosses  the  vein  anteriorly  remains  distal  to  the  ligature 
carried  around  the  artery  beginning  on  the  vein  side  (eventually 
Trendelenburg  position,  see  the  paragraph  on  the  latter). 

Naturally  the  external  iliac  vein  can  also  be  exposed  through  the  same 
incision.  When  ligating  the  latter,  always  denude  circularly  with  blunt 
instruments  and  with  the  utmost  care,  as  the  wall  is  very  thin  and 
might  be  very  easily  wounded^  by  the  tip  of  the  ligature-carrier,  and  this 
would  give  rise  to  a  tremendous  hemorrhage. 

Anatomy  of  the  Femoral  Artery 

From  the  lower  border  of  Poupart's  ligament,  down  to  the  point  where 
it  emerges  from  the  adductor's  ring,  the  continuation  of  the  external  iliac 
artery  is  called  the  femoral  artery.  Above,  where  it  comes  out  of  the 
vascular  fascial  compartment  (Fig.  148),  it  lies  under  the  fascia  lata,  on 
the  fascia  pectinea,  and  is  separated  by  the  fascia  uniting  the  latter  to 
Poupart's  ligament  (fascia  ilio-pectinea)  from  the  femoral  (crural)  nerve 
and  the  iliopsoas  muscle.  The  vein  is  nearer  the  median  line  of  the  body. 
The  artery  descends  almost  vertically  in  the  direction  of  the  internal  con- 
dyle of  the  femur  (Fig.  145  on  page  122).  Its  main  branch,  which 
arises  from  its  posterior  and  external  side,  is  the  profunda  femoris.  A 
little  above,  spring  smaller  collaterals;  superficial  epigastric,  superficial 
circumflex  iliac;  in  its  lower  portion  numerous  small  muscular  twigs.  The 
segment  between  the  inguinal  ligament  and  the  origin  of  the  profunda 
femoris  is  often  named  also  common  femoral.  Ligation  in  this  region  is 
in  fact  frequently  performed,  but  is  also  very  dangerous,  as  in  about  60%  ^ 
of  all  cases,  gangrene  of  the  limb  has  been  observed.  Farther  down,  the 
position  of  the  artery  is  defined  by  its  relations  with  the  sartorius 
muscle,  whose  course  is  represented  by  a  line  from  the  antero-superior 
iliac  spine  to  the  internal  condyle  of  the  tibia  (see  Fig.  145).  The  inner 
border  of  the  sartorius,  the  external  border  of  the  long  adductor  muscle 
and  the  inguinal  ligament  form  the  so-called  Scarpa's  triangle,  which  in 
not  too  fat  individuals  is  marked  on  the  outer  skin  by  a  shallow  pit 
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The  artery  runsexactly  inthe  direction  of  theacute  angle  of  this  triangle, 
which  angle  is  formed  by  the  sartorius  and  the  adductor  longus,  and  cor- 
responds to  the  junction  of  the  upper  with  the  middle  third  of  the  thigh. 
Here,  also,  it  lies  on  the  inner  border  of  the  sartorius,  under  the  fascia 
lata,  and  with  the  femoral  vein  is  wrapped  in  a  vascular  sheath.  At  the 
apex  of  Scarpa's  triangle  its  position  is  still  very  superficial,  as  it  is  cov- 
ered only  by  the  skin,  the  subcutaneous  fat,  and  the  fascia  lata.  But,  pre- 
sently, the  artery  disappears  behind  the  sartorius,  and  is  besides  separated 
from  the  latter  by  a  layer  of  tendinous  fibres  going  from  the  adductor 
longus  to  the  vastus  intemus.  Progressively,  the  artery  reaches  the 
external  border  of  the  sartorius;  but  still,  when  we  want  to  exjxrae  the 
artery  here,  said  border  must  be  somewhat  deflected  inward.   Here,  about 


on  a  level  with  the  middle  of  the  internal  aspect  of  the  thigh,  the 
artery  enters  through  the  adductor's  ring  the  adductor's  canal,  the  an- 
terior wall  of  which  is  formed  by  strong  tendinous  fibres  radiating  from 
the  adductor  longus  to  the  vastus  intemus.  At  the  exit  from  the  adduc- 
tor's canal,  the  artery  reaches  the  posterior  aspect  of  the  thigh. 

The  vein  changes  its  relations  with  the  artery  as  follows;  below  the 
inguinal  ligament  it  is  on  the  inner  side  of  the  artery,  at  the  apex  of 
Scarpa's  triangle,  behind  it.  and  in  the  adductor's  canal,  behind  and  ex- 
ternal to  it.  In  the  lower  part  of  Scarpa's  triangle,  the  saphenous  nerve, 
a  branch  of  the  femoral  nerve,  has  joined  the  femoral  vessels.  This  saphe- 
nous nerve  lies  at  first  externally  of  the  vessels,  then  passes  in  front  of 
them,  enters  with  them  the  adductor's  ring,  but  escapes  through  the  an- 
terior wall  of  the  canal  and  runs  along  the  internal  side  of  the  leg  with 
the  saphenous  vein. 
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Ligation  of  the  Femoral  Artery  JuBt  Below  the  Inguinal  Ligament 

(Figs.  149  and  150).— For  the  direction  of  the  incision,  see  diagrammatic 
illustration  145  on  page  122. 

The  incision  begins  a  little  above  Pou part's  ligament,  and  a  little  medial 
to  the  middle  of  the  latter,  thence  runs  vertically  down,  divides  skin, 
subcutaneous  fatty  tissue  containing  a  few  lymphatic  glands,  and  the  very 
superficial  fascia  belonging  to  the  general  fascia  of  the  body  and  perfor- 
ated by  many  holes.  The  latter  can  also  be  very  easily  gone  through 
bluntly  by  tearing  with  a  dissection  forceps,  a  Kocker  spatula,  or  the 
finger-tips.     According  to  the  abundance  of  subcutaneous  fat,  and  to 


the  obstacle  often  created  by  overly- 
ing swollen  lymph-glands,  which  must 
be  removed,  the  surgeon  reaches  more 
or  less  quickly  the  strongly  stretched 
fascia  lata,  which  over  the  vessels  is  *^"^'  ^^'*' 

still  reinforced  by  the  vascular  sheath 

and  therefore  appears  whitish.  Splitting  of  the  fascia  from  the  edge  of 
Poupart's  ligament  downward,  fastening  of  the  cut  edges  with  clamps, 
blunt  denudation  of  the  artery  from  the  vein  lying  on  its  inner  side  and 
ligation  above  the  origin  of  the  profunda  femoris,  after  the  thread  has 
been  carried  around  the  artery  beginning  on  its  inner  (vein)  side. 

Ligation  of  Femoral  Artery  at  the  Apex  of  Scarpa's  Triangle 
(Figs.  151  and  152). — For  direction  of  incision,  see  diagram  145  on 
page  122. 

In  lean  individuals,  the  sartorius  muscle  can  generally  be  felt;  in  fat 
subjects,  its  position  is  determined  in  the  following  way;  The  leg  is 
placed  in  slight  external  rotation.  With  the  left  hand  for  the  right  leg, 
and  the  right  hand  for  the  left  leg,  the  surgeon  grasps  the  thigh,  thumb 


SURGERY  OF   THE  BL00DVESSEI5 


127 


on  the  outer,  linger-tips  on  the  inner,  aspect  of  the  limb.  In  most  cases 
we  may  thus  feel  with  the  finger-tips  a  depression  between  the  adductors 
and  the  vastus  intemus,  and  also  generally  feel  distinctly  the  edge  of  the 
sartorius  muscle.  Above  the  adductor's  ring,  the  groove  marks  the  outer 
edge  of  the  sartorius. 

At  the  apex  of  Scarpa's  triangle  (the  artery  is  also  called  often  here 
superficial  femoral) ,  an  incision  is  made  along  the  inner  border  of  the  sar- 
torius (at  the  meeting-point  of  the  upper  and  middle  thirds  of  the  thigh: 
the  beginner  often  traces  his  incision  too  near  the  middle  of  the  thigh), 
through  skin,  fat.  and  fascia  superficialis,  until  we  see  distinctly  the  sar- 
torius muscle  enclosed  in  a  duplication  of  the  fascia  lata  glimmer  through. 


Fig.  151. 


Fig.  152. 


The  fascia  is  incised  along  the  outer  edge  of  the  muscle  and  we  can  then 
ascertain,  by  the  oblique  downward  and  inward  direction  of  the  fibres,  that 
we  have  really  the  sartorius  muscle.  On  the  contrary  the  adductor  fibres 
run  obliquely  downward  and  outward.  With  a  blunt  hook,  the  inner  bor- 
der of  the  adductor  is  drawn  a  little  outward,  and  the  subjacent  tough 
fascia  immediately  covering  the  vessels  is  incised  on  a  grooved  director. 

Then  the  artery,  lying  in  front  of  the  vein,  is  cautiously  denuded 
circularly  with  a  blunt  instrument  along  a  short  segment,  and  ligated,  the 
laterally  placed  saphenous  nerve  being  avoided. 

Ligation  of  the  Femoral  Artery  in  the  Femoral  Ring  (Figs.  153 
and  154). — For  direction  of  incision,  see  diagram  145  on  page  122. ' 

'  This  ligation  is  conveniently  performed  (Bier,  u.  Bergmann,  Roekti)  the  knee- 
joint  beinff  flexed  at  a  right  angle,  and  the  leg  in  the  tailor's  position,  the  outer  aspect 
natinsr  on  the  table. 
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Determination  of  the  outer  ed^e  of  the  sartorius  at  the  middle  of  the 
thi^h,  incision  on  this  edg'e  as  above,  splitting  of  the  covering  fascial 
layer,  until  the  muscle  can  be  drawn  inward.  Behind  the  sartorius,  a 
second  fascial  layer  appears  which  is  formed  by  glittering  tendinous  tracts 
ODncave  downward,  connecting  the  adductor  magrnus  with  the  vastus  in- 
temus  and  forming  the  anterior  wall  of  the  adductor's  canal.  This  sheath 
is  split  on  a  grooved  director.  Generally,  we  see  then  first  the  saphenous 
nerve  lying  in  front  of  the  artery  and  also  very  frequently  a  few  so-called 
venie  comitantes,  which  empty  into  the  femoral  vein;  the  latter  is  pos- 


F!G.   154. 


terior  and  external  to  the  artery. 
Denudation  and  ligation  as  above. 


Popliteal  Artery 

From  its  emergence  from  the 
adductor's   canal    to  the    upper       , 
border  of  the  popliteal  muscle,  the  femoral  artery  is  called  popliteal. 

The  latter  may  be  exposed  in  two  places,  either  ivcm  the  inner  aspect 
of  the  limb,  at  its  exit  from  the  tendon  of  the  adductor  magnus  in  Jobert's 
fossa,  or  from  the  posterior  aspect  of  the  leg,  in  the  hollow  of  the  knee. 

Ligation  in  Jobert's  Foaaa. 

This  triangular  space  is  delimited  forward  (ventrally)  by  the  adductor 
magnus  and  the  vastus  internus,  behind  (dorsally)  by  the  sai-torius  and 
the  semimembranosus,  below  (distally)  by  the  internal  condyle  of  the 
femur  and  is  covered  only  by  the  skin  and  the  fascia  lata.  Extension  of 
the  leg  makes  the  pit  disappear,  but  flexion  at  a  right  angle  of  the  knee 
with  external  rotation  of  the  leg  (tailor's  position)  makes  it  gape  widest. 


SURGERY  OF  THE  BLOODVESSEI^ 


129 


and  it  can  then  be  seen  and  felt  as  a  depression  just  above  the  internal 
condyle  of  the  femur. 

A  longitudinal  incision  in  the  region  of  the  lower  third  of  the  thigh, 
on  the  inner  aspect,  the  leg  being  in  the  tailor's  position,  through  the 
middle  of  JobeH's  triangle,  divides  the  skin,  fatty  tissue  (look  out  for 
the  greater  saphenous  vein) ,  and  fascia  under  which  lies  another  cushion 
of  fatty  tissue.  The  anterior  border  of  the  sartorius  and  semitendinosus 
must  be  retracted  a  little  backward.  Forward  we  see  the  large  tendon  of 
the  adductor  magnus  attached  to  the  labium  mediale  of  the  linea  aspera 
of  the  femur  and  on  which  runs  an  important  nerve  trunk,  the  saphenous 
nerve,  accompanied  by  a  small  artery  (arteria  genu  suprema)  and  two 
veins:  and  still  farther  in  the  depth,  we  find  the  popliteal  artery  directly 
on  the  edge  of  the  tendon  of  the  adductor  magnus,  and  generally  between 


Fig.  155. 


Fig.  156. 


two  veins,  the  larger  of  which  is  posterior  to  the  artery  and  is  the  real 
popliteal,  while  the  smaller  one  is  an  accessory  vein. 

Ligation  in  the  Popliteal  Space  (Pigs.  155  and  156). 

The  hollow  of  the  knee  forms  a  quadrangular  space  with  an  upperand 
a  lower  angle,  both  acute,  and  an  internal  and  an  external  angle,  both  ob- 
tuse. The  limit  on  the  upper  and  external  side  is  the  muscular  belly  of 
the  biceps  femoris,  that  on  the  upper  and  internal  side  is  the  semimem- 
branosus; and  the  two  lower  limits  are  formed  by  both  bellies  of  the  gas- 
trocnemius emerging  from  under  the  above-mentioned  muscles  and  meet- 
ing in  the  middle  line.  The  depression  is  spanned  over  by  a  fascia  which 
extension  of  the  knee  stretches  strongly,  and  passing  directly  from  the 
fascia  lata  of  the  thigh  into  the  fascia  of  the  leg,  and  is  filled  with  abun- 
dant fatty  tissue  in  which  vessels  and  nerves  are  imbedded.  Besides, 
there  are  still  a  number  of  lymphatic  glands  and  numerous  lymphatic 
vessels,  which  not  unfrequently  become  infected  and  give  rise  to  suppura- 
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tions  of  the  popliteal  space.  Therefore  abscesses  thus  produced  are  always 
situated  under  the  popliteal  fascia.  As  said,  fascia  is  relaxed  by  flexion 
of  the  knee,  and  in  that  position  presses  less  on  the  painful  and  inflamed 
tissues,  patients  having  abscesses  of  the  popliteal  space  always  hold  the 
leg  somewhat  flexed.  To  the  vessels  are  now  added  the  tibi^  and  pero- 
neal nerves  which  branch  off  the  sciatic  nerve  at  about  the  middle  of  the 
thigh.  These  two  nerves  lie  exactly  in  the  upper  angle  of  the  popliteal 
space,  the  tibial  divides  said  space  into  an  outer  and  an  inner  half,  and 
loses  itself  under  the  gastrocnemius.  The  peroneal  nerve  runs  along  the 
inner  border  of  the  biceps,  crosses  the  posterior  surface  of  the  external 
gastrocnemius,  reaches  the  posterior  circumference  of  the  neck  of  the 
fibula  and  winds  around  the  latter.  Under  (ventrally 
of)  the  tibial  nerve  and  a  little  nearer  the  middle  line 
of  the  body  is  the  popliteal  vein,  into  which  the  small 
saphenous  vein  empties  at  about  the  middle  of  the 
popliteal  space;  and  under  the  popliteal  vein,  still 
more  ventral  and  nearer  the  middle  line  of  the  body, 
therefore  deepest,  lying  almost  directly  on  the  articu- 
lar capsule  of  the  knee,  the  popliteal  artery.  (Ne-rve, 
V-ein,  A-rtery  =  the  old  cue,  Neva.)  If  we  still  go 
nearer  the  middle  line  of  the  body,  we  find,  under 
the  muscular  belly  of  the  semimembranosus  and  over 
the  belly  of  the  gastrocnemius,  the  semimembranous 
bursa. 

The  subject  lying  on  the  abdomen,  longitudinal  in- 
cision a  little  nearer  the  middle  line  of  the  body  than 
the  axis  of  the  hollow  of  the  knee,  and  carried  through 
skin,  subcutaneous  fat  and  fascia.  The  edges  of  the 
fascial  incision  are  drawn  apart  with  blunt  hooks. 
The  smaller  saphenous  vein  being  carefully  spared, 
the  fatty  tissue  enveloping  the  blood-vessels  is  di- 
lacerated  with  blunt  instruments  and  thereby  we 
reach  in  the  upper  angle  of  the  wound  first  the  nerve, 
next  the  vein  (see  above),  and.  finally,  the  artery. 
Anterior  Tibial  Artery.— The  popliteal  artery  divides  at  the  level  of 
the  lower  border  of  the  popliteal  muscle  into  posterior  tibial  and  anterior 
tibial  arteries.  The  latter  goes  perpendicularly  forward  just  below  the 
neck  of  the  fibula  to  the  upper  edge  of  the  interosseous  membrane  and  to 
the  anterior  tibial  muscle  arising  from  this  membrane,  through  the  inter- 
osseous space  and  from  this  ix)int  down  to  the  ankle  region  rests  on  the 
interosseous  membrane  still  covered  by  a  thin  fascia!  layer.  It  is  accom- 
panied by  one  or  two  veins;  in  front  of  it  runs  the  deep  peroneal  nerve. 
Along  the  whole  leg,  the  anterior  tibial  muscle  inserted  above  into  the 
fascia  of  the  leg,  the  outer  surface  of  the  tibia  and  the  interosseous  mem- 
brane, and  tapering  below  into  a  smooth  and  powerful  tendon,  lies  on  the 
internal  side  of  the  artery.    On  the  external  side  of  the  latter  in  the  upper 


Fig.  157. 
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half  of  the  leg  is  the  long  extensor  digitorum,  arising  from  the  external 
condyle  of  the  tibia,  the  anterior  edge  of  the  fibula,  the  interosseous 
membrane,  and  the  fascia  of  the  leg.  From  the  middle  of  the  leg  down, 
the  anterior  part  of  this  muscle  is  tendinous:  the  sharp  tendon  edge  in 
the  distal  half  of  the  leg  glimmers  distinctly  through  the  fascia,  and  is 
here  an  excellent  help  for  the  discovery  of  the  artery.  In  the  distal  half 
of  the  leg,  the  external  side  of  the  artery  is  followed  by  the  long  extensor 
hallucis  muscle,  inserted  into  the  middle  part  of  the  fibula  and  the  inter- 
osseous membrane,  and  forming  at  first  a  muscular,  later  a  tendinous  an- 
terior sharp  ridge,  which  projects  forward  very  characteristically  between 
the  tendons  of  the  extensor  digitorum  longus  and  of  the  anterior  tibial. 


Fig.  159. 


and  is  directed  obliquely  downward  and  inward.  The  tendons  of  those 
muscles  are  disposed  in  the  following  succession:  tibialis  anticus,  exten- 
sor hallucis  longus,  extensor  digitorum  longus,  under  the  transverae  and 
crucial  ligaments  of  the  leg.  The  arising  of  the  anterior  tibial  and  of 
the  extensor  digitorum  longus  from  the  fascia  of  the  leg  in  the  upper  third 
of  the  leg  results  in  a  very  intimate  blending  of  muscle  and  fascia  and  the 
interstice  between  both  muscles  is  practically  not  marked  by  anything. 
Farther  below  we  shall  indicate  the  way  to  find  it  out  The  artery  at  the 
limit  of  the  upper  and  middle  thirds  of  the  leg  is  between  the  anterior 
tibial  and  the  extensor  digitorum  longus;  at  the  limit  of  the  middle  and 
lower  thirds  between  the  anterior  tibial  and  the  extensor  hallucis  longus. 
Above  the  ankle-joint,  in  the  region  of  the  crucial  ligament,  the  anterior 
tibial  artery  passes  under  the  tendon  of  the  latter  muscle,  and  runs  aa 
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dorsalis  pedis  artery  between  said  tendon  and  the  tendon  of  the  extensor 
digitorum  longus  directly  in  the  direction  of  the  first  intermetatarsal 
space. 

Ligation  of  the  anterior  tibial  artery  is  performed  either  at  the  limit 
of  the  upper  and  middle  thirds,  or  at  the  limit  of  the  middle  and  lower 
thirds  of  the  leg.    The  latter  is  the  easier. 

To  determine  the  position  of  the  artery,  we  may  use  the  direction  line 
represented  on  Pig.  157.  Two  transversal  lines  unite,  above,  the  tuber 
of  the  tibia  and  the  head  of  the  fibula;  below,  the  anterior  crests  of  both 


Fig.  161. 

malleoli.     A  vertical  line  uniting  the  middle  of  those  two  lines  indicates 
the  line  of  incision. 

Incision  along  that  line  at  the  junction  of  the  upper  and  middle  thirds 
of  the  leg.  Splitting  of  the  fascia.  The  interstice  between  the  tibialis 
anticus  and  the  extensor  digitorum  longus  is  first  sought  in  the  lower 
part  of  the  incision  where  it  is  somewhat  more  distinctly  perceptible. 
When  found,  open  it  upward  with  a  blunt  instrument,  but  guard  carefully 
against  penetrating  in  the  muscular  bellies,  otherwise  we  are  sure  to  get 
lost.  The  deep  peroneal  nerve  is  first  found,  about  1  cm.  distant  from  the 
artery;  large  retractors  hold  toward  each  corresponding  side  of  the  incision 
the  fascial  edges  and  the  muscles,  especially  the  extensor  digitorum 
longus.  The  artery,  accompanied  by  two  veins,  lies  under  a  thin  fascial 
layer  and  over  the  strong  interosseous  membrane.  For  the  ligation  at  the 
limit  between  the  middie  and  loiver  third,  incision  along  the  above  described 
line,  about  1  cm.  outside  of  the  tibial  crest  {see  Figs.  160  and  161 ;  on  these 
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illustrations  the  ligation  is  placed  a  little  too  low).  We  can  already  see 
the  crossing  of  the  anterior  tibial  artery  and  of  the  tendon  of  the  extensor 
hallucis  longus.  If  we  push  a  little  away  the  subcutaneous  fat  from  the 
fascia  of  the  leg,  we  can  see  distinctly  outside  of  the  tibial  crest  three 
powerful  tendons  glimmer  through,  that  of  the  tibialis  anticus,  that  of 
the  extensor  hallucis  longus,  and  that  of  the  extensor  digitorum  longus. 
The  latter  is  still  mostly  muscular,  and  the  tibialis  anticus  has  still  an 
important  muscular  bundle  on  the  dorsal  side  of  its  tendon.  If  westrongly 
flex  the  big  toe  toward  the  sole  of  the  foot,  we  feel  distinctly  the  tendon 
of  the  extensor  sliding  under  the  fascia.  The  fascia  is  incised  on  its  in- 
ner side,  close  to  its  anterior  ridge,  and  both  edges  are  everted  laterally 
with  clamps.    The  little  trick  of  the  flexion  of  the  big  toe  enables  us  also 


Fig.  163. 

easily  to  differentiate  the  tendon  of  the  extensor  hallucis  by  its  oblique 
direction  downward  and  inward  from  the  vertically  descending  tendons 
of  the  tibialis  anticus  and  of  the  extensor  digitorum.  Between  the  tibi- 
alis anticus  and  the  extensor  hallucis,  a  blunt  dissection  carries  us  on  the 
interosseous  membrane,  and  there  we  find  the  artery  covered  by  the  deep 
peroneal  nerve  and  flanked  by  two  veins. 

To  ligate  the  (/or«a/ispe(/»  artery,  draw  mentally  a  line  in  the  prolonga- 
tion of  the  first  intermetatarsal  space,  and  a  second  perpendicularly  across 
the  foot  from  the  tubercle  of  the  scaphoid  bone  to  the  tuberosity  of  the 
fifth  metatarsal  bone.  At  the  crossing  point  of  those  lines,  between  the 
tendon  of  the  extensor  hallucis  longus  and  the  bundle  of  tendons  of  the 
extensor  digitorum  longus,  which  generally  can  be  felt  easily,  quite  super- 
ficially under  the  skin  and  this  fascia,  lies  the  artery  directly  after  its 
passage  under  the  crucial  ligament  of  the  leg;  said  point  corresponding 
almo  ,      actly  to  the  outer  border  of  the  tendon  of  the  extensor  hallucis 
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longus.  Externally  lies  the  deep  peroneal  nerve.  The  muscular  bellies 
appearing  under  the  artery  are  those  of  the  extensor  digitorum  communis 
brevis  and  of  the  extensor  hallucis  brevis. 

PoMterior  Tibial  Artery. — The  posterior  tibial  artery  pierces  through 
the  tendinous  arch  extending  between  the  upper  extremity  (head)  of  the 
fibula  to  the  tibia.  It  lies  first  exactly  in  the  middle  of  tbe  interosseous 
space,  but,  after  it  has  given  off  the  peroneal  artery  which  runs  along  the 
posterior  border  of  the  fibula,  it  comes  nearer  the  middle  line  of  the  body 


and  behind  the  tibia,  also  always  nearer  the  latter,  and  behind  the  internal 
malleolus  slides  under  the  ligamentum  laciniatum.  The  tibial  nerve,  first 
running  on  the  inner  side  of  the  artery,  crosses  the  latter  dorsally  above 
the  origin  of  the  peroneal  artery,  at  the  limit  of  the  upper  and  middle 
thirds  of  the  leg,  and  farther  below,  keeps  always  on  the  outer  side  of  the 
artery.  Two  veins  accompany  the  latter.  These  structures  lie  together 
in  a  space  limited  ventrally  and  internally  by  the  flexor  digitorum  longus; 
ventrally  and  externally,  above  by  the  tibialis  posticus,  below  by  the  flexor 
hallucis  longus;  dorsally  by  the  deep  fascia  of  the  ieg  which  separates  the 
soleus,  gastrocnemius,  and  plantaris  longus  from  the  three  above-men- 
tioned deep  flexors.  This  fascia  must  always  be  incised  when  we  want 
to  reach  the  artery  from  the  inner  side  of  the  leg.  The  peroneal  artery 
also,  in  the  lower  third  of  the  leg,  runs  in  front  of  this  important  fascial 
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layer.  The  posterior  tibial  artery  lies  behind  the  internal  malleolus,  cov- 
ered only  by  the  skin  and  two  fascial  layers,  between  the  tendons  of  the 
flexor  digitorum  longus  and  of  the  flexor  hallucis  longus. 

Ligation  is  performed  either  a  little  above  the  middle  of  the  leg  or 
behind  the  internal  malleolus. 

In  the  first  site,  in  the  middle  of  the  leg,  the  ligation  is  very  difficult, 
as  the  artery  is  covered  by  thick  and  strongly  stretched  muscular  and  fas- 
cial masses,  and  must  be  looked  for  at  a  very  considerable  depth.  First, 
the  leg  being  in  the  tailor's  position  (see  above),  and  the  foot  extended 
(so  as  to  relax  the  flexors  of  the  leg),  the  inner  and  posterior  tibial  crest 
is  palpated;  and  an  incision  is  made  through  the  skin  and  the  leg  fascia 
about  2  cm.  dorsally  of  said  crest     The  internal  gastrocnemius  is  drawn 


aside  and  we  see  then  the  soleus  muscle  inserted  here  partly  into  the 
tibia  (linea  popHtea).  This  soleus  muscle  must  either  be  severed  at  that 
tibial  insertion,  or  be  split  longitudinally  about  parallel  with  its  own  fibres. 
We  prefer  the  latter'  way,  because  it  does  less  damage  and  also  leads  some- 
what more  directly  on  the  artery.  The  division  of  the  soleus  is  effected 
la^er  by  layer,  so  as  to  avoid  injuring  the  deep  fascia  cruris  which  is  a 
necessary  anatomical  landmark.  When  this  fascia  is  reached,  the  pos- 
terior and  outer  edge  of  the  wound  is  strongly  drawn  backward  and  out- 
ward (Figs.  164  and  165)  and  often  one  sees  a  muscular  interstice  glitter 
through  the  fascia.  This  interstice  is  that  between  the  flexor  digitorum 
longus,  and  the  flexor  hallucis  longus  (higher  up  the  tibialis  i>osticus),  the 
first  being  the  one  nearer  the  tibia.  Here,  the  fascia  is  incised  longitudi- 
nally ^d  the  artery  is  reached  between  two  veins,  the  nerve  being  external 
and  seen  only  later.    If  we  go  still  farther  in  the  interstice  between  the 
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flexor  hallucis  longus  and  the  tibialis  posticus  to  the  posterior  edge  of  the 
fibula,  we  find  there  the  peroneal  artery  (Fig.  164,  cross  section). 

Ligation  of  the  posterior  tibial  artery  behind  the  internal  malleolus  is 
performed  through  a  curved  incision  parallel  with  the  posterior  border  of 
the  malleolus  at  an  equal  distance  from  the  latter  and  from  the  heel.     The 
artery  lies  here  under  the  very  tough  ligamentum  laciniatum  fonned  by 
the  coalescence  of  two  fascial 
i(ni^^^r  layers  which  farther  up  are 

separated  by  some  fatty  tissue, 
and  both  belonging  to  the 
fascia  superficialis.  The  ar- 
tery is  between  the  tendons  of 
the  flexor  hallucis  longus  (be- 
hind) and  that  of  the  flexor 
digitorum  longus  (in  front), 
accompanied  by  two  veins  and 
the  tibial  nerve.  To  expose 
it,  we  have  to  divide  the  skin, 
subcutaneous  fat,  and  the  lig- 
amentum laciniatum,  alongthe 
above-described  line. 

Fig.  166  gives  a  general 
survey  of  that  region,  from 
which  the  picture  presenting 
itself  at  the  time  of  ligation 
may  be  easily  deducted.  The 
fascia  above  and  below  the 
ligamentum  laciniatum  has 
been  removed. 

Another  method  places  the 
incision  behind  the  internal 
malleolus,  in  the  middle  of  the 
space  between  the  bone  and 
the  tendo  Achillis  (Fig.  167). 
Here  one  has  to  cut  through  the 
two  fascial  layers  separated  by 
some  fatty  tissue,  so  as  to  expose  the  artery  lying  between  the  two  above- 
mentioned  tendons;  but  let  the  beginner  beware  lest  he  get  lost  in  the 
fatty  tissue  placed  ventrally  of  the  tendo  AchilHs  (see  Fig.  168,  cross- 
section  of  this  region).  The  incisions  must  be  drawn  over  the  bone  in 
a  direction  midway  between  sagittal  and  frontal.  Here,  also,  we  have  to 
divide  the  skin,  subcutaneous  fatty  tissue  (very  little  abundant),  the 
superficial  fascia,  some  fatty  tissue  in  the  space  between  the  superficial 
and  deep  fascial  layer,  which  space  still  contains  besides  fatty  tissue  a  few 
veins  and  the  tendo  Achillis,  then  the  deeper  fascial  layer.  Illustrations 
166  and  167  are  based  on  drawings  from  Coming's  topographical  anatomy. 
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V.  operations  on  the  Extremities 

A.  Amputotions  and  Exarticulations 

1.  General  Preliminary  Remarks 

By  extirpation,  we  mean  the  removal  of  a  whole  part  of  the  body,  so 
that  practically  nothing  is  left. 

To  extirpations  ought  to  be  joined  exarticulations,  the  removal  of  a 
whole  limb  or  segment  of  limb  through  one  of  the  articular  joints. 

In  opposition  to  complete  removal  of  a  part  of  the  body,  amputation 
and  resection  mean  the  removal  of  a  more  or  less  large  segment  of  such 
a  part.  Amputation  applies  to  the  removal  of  terminal  segments,  resec- 
tion to  that  of  an  intermediate  segment. 

For  instance,  should  we  remove  the  whole  breast  so  that  nothing  is 
left,  except  part  of  the  covering  skin,  but  neither  areola  nor  nipple,  that 
would  be  an  extirpation  of  the  breast  (erroneously  called  still  often  ampu- 
tation) . 

Should  we  remove  the  leg  through  the  hip-joint,  that  would  be  an  ex- 
articulation  of  the  lower  limb  (in  the  hip-joint). 

If  we  remove  the  lower  half  of  the  kidney,  that  is  an  amputation ;  if 
we  leave  both  poles  in  situ  and  remove  only  an  intermediary  segment, 
that  is  a  resection. 

By  these  examples,  I  have  already  made  plain  that  the  terms  amputa- 
tion and  resection  are  not  exclusively  employed  for  the  extremities,  but 
also  may  be  applied  to  other  parts  of  the  body. 

As  further  examples,  I  shall  give:  extirpation  of  the  kidney  (see  that 
chapter) ,  amputation  and  resection  of  the  rectum  (see  this  chapter)  am- 
putation of  the  penis,  of  the  cervix  uteri,  etc. 

After  this  short  introduction,  it  becomes  clear  that  we  must  under- 
stand :  by  amputation  of  a  limb,  the  removal  of  a  peripheral  part  of  said 
limb  by  the  sawing  through  of  a  bone  in  its  continuity;  by  exarticulation, 
the  removal  of  such  a  peripheral  part,  in  the  contiguity,  through  a  joint; 
by  resection,  the  removal  of  a  short  piece  in  the  continuity  or  in  the  con- 
tiguity, either  in  the  region  of  a  joint  together  with  the  latter  (so-called 
resection  in  the  contiguity  or  articular  resection)  or  along  a  bone  (so- 
called  resection  in  the  continuity  or  bone  resection). 

Now  I  shall  devote  my  attention  to  amputations  and  exarticulations. 
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GeneralitieM  About  AtnpatatianM  and  ExarticwdationM. 

Amputations,  formerly  the  bloodiest  of  all  operations,  have  lost  their 
terrors  since  the  introduction  by  Esmarch  of  artificial  anemia  (see  He- 
nK>$tasis>.  The  pn)gm?!ss  brought  in  those  operations  by  the  intitxluction 
of  antisepsis  and  asepsis  has  proved  as  profitable  to  them  as  to  all  other 
interventions. 

An  aseptic  and  bloodlessly  conducted  amputation  ought  to  be  devoid  of 
danger  even  in  the  hands  of  a  novice,  and  it  is  rightly  that  students 
attending  hospital  senices  and  already  familiar  with  the  technique  of  an 
amp^Jtation  aiv  entrusted  with  that  operation  as  often  as  possible. 


£ip^*o»Y?5\<  bandage  and  eventually  tube. 

Amputation  knives,  knives  for  soft  part,  bone  knives. 

For  amputation  of  limbs  having  two  bones  such  as  the  1^  and  fore- 
arm.  C<s:h^^iK  nx\>mmends^  to  divide  the  soft  parts  in  the  interosseous 
spai.>e«  a  sharp-pointed  knife,  cutting  on  both  sides,  but  the  latter  is  not 
ir.d:s^r.sab> :  ;u5t  as  well  as  in  case  of  necessity,  the  big  amputation 
kr.ife  ir.3k>'  be  n?placed  by  any  ordinazy  knife. 

S^ir^Ical  and  dissection  forwps. 

Sharp  ar.d  blunt  n?traotors. 

ligarure  carrier.     ii?i.\ftrr,  ZV^^rAump.) 

EI^v;i^>rs^ 

Bi^s  franse  saw, 

Har.d  S2iw. 

Li5er*s  rv^ng^ur. 

Mus^ir.  vVtnprvsses  ro  hold  back  the  soft  pares  during  the  sawing  of 
the  looe. 

The  4S5>:s:ar.:i^  r.^eiec  :r.  an  an:pu:a;:or.  o:  a  lar^  segmestt  of  limb 
un*ier  i^?n-eral  am^^ihesia  are: 
1.  An  anes:hT::>:. 
i  anc  S.  A"  issisiie::  :o  hv\v:  :ho  s:un:p.  :he  rvcniccors.  etc.  and  an 

.  »      .  k  «  . 

-^      J^..   Jkt?^-o-««X.> «    ...   v..«v,^X    \  .    ^'..^     .  .,>,«  <«b.>ix  ..«^ 

I:  ^«>e?s  %v':r:vv.:  5s\v*:vv  ::.,*;:  n\o  !n;^N,  a:u*  *.^:Vn  hi\^  ro.  do  with  a 

rurs^f  cr  :r:i:r';:M  or.x'r- ^ .  trio  hxVvi^^r  o:  :r,x^  atv.iv.VjIUv,  rjir:  ry  a::y  wuiiiig 
r^rjcc.  IT-^^  A55>:>:-ji":   *'  c^^^r^x^  ot  :S*  :r.s:r,,nvn::>  ry  a  small  :::&frCnxiiieiifc 

an  'nr^xt55s>L"e  ::k?i  i"  *  v.\w.uv  x^t  s,:r>:".0A.  owrAi.vr^  ro  c.x^aiin  eodi  of 
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II 


cases  will  be  explained  in  detail  with  each  different  amputation.  A  num- 
ber of  incisions  are  illustrated  in  Fig.  169,  I-IV,  and  we  shall  find  again 
those  types  later  when  treating  of  particular  amputations.  The  soft  parts 
must  always  be  sufficiently  long  to  cover  the  stump  well  without  tension ; 
the  scar  must  not  fall  in  a  place  which  later  will  be  submitted  to  strong 
pressure. 

The  level  of  the  sawing  of  the  bone  is  dictated  by  the  soft  parts  which 
we  have  at  our  disposal. 

HemostasiB.  In  operations  conducted  under  Esmarch's  artificial  an- 
emia, it  is  not  necessary  to 
care  at  all  at  first  for  the  ves- 
sels. Only  after  severance  of 
the  limb,  the  larger  vessels 
are  sought  according  to  their 
anatomical  relations,  isolated 
and  ligated  with  silk.  The 
smaller  vessels  are  not  gener- 
ally visible  on  the  transversal 
sections  of  muscles.  But  let 
us  remark  that  they  run  in  the 
septa  of  connective  tissue:  as 
the  latter  are  not  contractile, 
they  project  distinctly  above 
the  surface  of  section  of  the 
muscle  as  whitish  structures, 
sending  two  or  three  septa  in 
radiating  directions.  A  clamp 
is  hung  at  the  thickest  point 
and  the  thread  passed  around. 
By  means  of  slight  pressure 
exerted  on  the  muscle,  we  can 
expel  the  small  amount  of 
blood  remaining  in  the  lumen 
of  the  vessels,  eventually  after 
an  irrigation  with  the  8  to  1, 000 
salt  solution    to   remove  the 

loosely  adherent  blood-clots,  and  thus  make  the  position  of  the  bleeding 
vessels  as  conspicuous  as  possible.  The  cut  muscle  surfaces,  one  after  the 
other,  are  thus  examined  and  taken  care  of.  When  the  surgeon  believes 
he  has  done  all  he  can  in  that  way,  he  covers  the  whole  wound  surface 
with  one  or  several  gauze  sponges,  and  draws  the  skin  all  over  the  latter, 
and  thus  presses  them  firmly  against  the  wound,  the  limb  being  at  the 
same  time  elevated  vertically.  Then  the  constricting  bandage  is  removed, 
and  after  one  or  two  minute's  waiting,  the  gauze  is  removed  layer  by 
layer  and  the  skin-flaps  everted.  Whatever  vessel  may  still  bleed  then  is 
quickly  seized.    If  the  preceding  rules  are  carefully  followed,  only  seldom 
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will  further  ligation  be  required.  The  bleeding  from  the  bone  marrow 
cannot  always  be  completely  checked ;  sometimes  we  may  try  to  do  it  with 
catgut  threads  rolled  together  and  pressed  on  the  surface  of  section.  In 
the  same  way,  we  can  stop  the  bleeding  from  a  nutrient  canal  by  plugging 
it  with  a  thick  catgut  Perfect  hemostasis  is  the  key  to  a  complete  and 
permanent  asepsis  of  the  wound. 

Division  and  Care  of  Nerves. — When  we  are  going  to  sever  a  large 
nerve  trunk,  the  anesthesia  must  be  deep,  on  account  of  the  danger  of 
shock.  When  local  anesthesia  or  light  general  anesthesia  is  used,  we  may 
also  inject  into  the  nerve  sheath  prior  to  the  section  some  1%  novocain- 
suprarenin  solution  and  divide  the  nerve  about  5  to  10  minutes  later.  On 
account  of  the  risk  of  seeing  an  **  amputation  neuroma*'  form  in  the  super- 
ficial parts  of  the  stump,  the  large  nerve  trunks  are  seized  with  a  mouse 
tooth  thumb  forceps,  bared  under  strong  traction  for  about  5  or  6  cm. 
and  severed  high  with  sharp  scissors.  The  stump  retracts  high  in  the 
tissues.  Sharp  projecting  bone  ends  must  be  nipped  off  with  Luer's 
rongeur. 

Then  comes  the  sutttre  of  the  flaps. 

If  dealing  with  wholly  aseptic  amputations  or  exarticulations,  we  shall 
of  course  make  a  primary  complete  suture  of  the  skin.  But  let  us  be 
urgently  warned  against  too  strong  traction  on  the  threads  on  account  of 
the  too  often  resulting  necrosis  of  the  edge.  The  beginner  particularly  is 
too  prone  to  pull  ver\'  strongly  on  the  threads  so  as  to  prevent  the  escape 
of  the  loose  subcutaneous  fat  between  the  wound  edges.  This  escape  is 
by  all  means  to  be  avoided  as  much  as  possible,  but  not  by  strongly  draw- 
ing on  the  threads,  but  by  making  a  fine  and  verj-  superficial  suture.  In 
all  cases  where  we  are  not  sure  of  our  asepsis,  also  in  operations  performed 
on  patients  in  condition  of  shock,  in  which  the  lengthening  of  the  opera- 
tion by  an  exact  skin  suture  would  entail  great  danger,  let  us  give  up  an 
entire  closure  of  the  wound,  and  leave  it  partly  or  completely  open,  which 
latter  is  the  safest  course.  If  the  pulse  and  temperature  indicate  an 
aseptic  evolution  of  the  wound,  then  let  us  approximate  the  latter  second- 
arily. This  is  generally  still  iwssible  even  after  two  or  three  days  have 
elapsed. 

Drainage  of  Wound  Secretions. — In  all  major  amputations  and  exar- 
ticulations, I  pivfer  to  intixxluoe  a  drainage-tube  on  each  side  of  the 
wound.  Si>mo  wound  secivtion  will  always  ooze  from  the  severed  lymph- 
vessels,  and  a  ix^st-oiHM-ativo  bleeding,  even  if  trifling,  can  hardly  be 
altoirethor provontod.  It  is  theivfoiv  bettor  to pnnide  a  way  of  exit  than 
to  trust  that  those  exudates  will  undoi-gi^  aseptic  resorption.  I  consider  the 
plaoing  of  a  drain  transvei'sely  thixnigh  the  whole  wound  as  faulty*  be- 
cause when  such  a  ilrain  is  ivnioved.  a  part  that  lias  ivmained  outside  of 
the  wound  will  necessarily  be  drawn  tliivujrh  the  whole  length  of  the 
latter.  The  intiwluction  of  a  drain  always  necessitates  an  early  change 
of  divssinir.  on  the  third  or  fourth  day. 

In  case  of  open  wound  treatment,  pack  Kvsely  the  whole  wound  with 
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sterile  gauze  and  draw  together  the  skin-flaps  over  the  latter.  When  the 
dressing  is  changed,  this  gauze,  to  prevent  bleeding,  must  either  be  irri- 
gated with  sterile  solution  or  sprinkled  with  3%  hydrogen  peroxide. 
Then  removal  will  become'easy. 

Dressing  and  Position. — The  dressing  after  amputations  and  exartic- 
ulations  must  reach  high  enough  upward  to  take  an  absolutely  safe  hold 
on  the  prominent  parts  of  the  body.  To  this  effect,  taking  in  the  next  join 
above  will  be  generally  sufficient.  For  at  least  24  hours,  the  amputation 
stump  will  be  elevated  or  suspended  as  upright  as  possible.  When  suspen- 
sion is  resorted  to,  be  careful  that  the  corresponding  limb  be  also  well 
propped  up  by  soft  cushions,  as  otherwise  prolonged  suspension  is  very 
ba(Uy  borne. 

The  separate  steps  would  therefore  be  as  follows : 

1.  Skin  incision. 

2.  Incision  through  the  remaining  soft  parts. 

3.  Incision  through  the  periosteum  and  pushing  of  the  latter  in  a 
proximal  or  distal  direction. 

4.  Sawing  of  the  bone  and  planing  of  the  bone  edges. 

5.  Care  of  the  bloodvessels. 

6.  Care  of  the  nerve  stumps. 

7.  Closure  of  the  wound  and  drainage. 

8.  Dressing. 

In  exarticulations,  one  proceeds  essentially  exactly  as  in  amputations. 
In  those  most  frequently  performed,  exarticulation  of  the  shoulder  and  of 
the  hip  joint,  the  treatment  of  the  bloodvessels  is  much  simpler,  as  no 
large  muscular  masses  have  to  be  divided. 

Between  amputations  and  exarticulations  there  are  numerous  so-called 
osteoplastic  {imputations  in  which  a  fragment  of  bone  derived  from  the 
peripheral  part  of  the  bone  is  preserved  and  implanted  on  the  sawed  sur- 
face of  the  bone  stump  (see  Amputation  of  the  foot  after  Pirogoff,  Ampu- 
tation of  the  femur  after  Gritti).  Osteoplastic  amputations  may  also  be 
performed  in  the  continuity  (see  Amputation  of  the  leg,  after  Bier). 

I  might  still  add  here  something  about  the  position  of  the  surgeon 
relative  to  the  limb  to  be  removed.  In  earlier  times,  it  was  the  rule 
that  the  limb  must  fall  to  the  right  of  the  operator.  Therefore,  the  latter 
had  to  stand  for  the  amputation  of  the  right  leg  to  the  right  side  of  the 
patient,  for  the  amputation  of  the  left  leg  between  the  patient's  legs,  for 
amputation  of  the  right  arm  his  face  turned  toward  the  feet  of  the  patient, 
and  toward  the  head  of  the  patient  for  amputation  of  the  left  arm.  The 
reason  for  those  earlier  painstakingly  obeyed  rules  was  that  the  different 
amputations  had  to  be  performed  as  quickly  as  possible  on  account  of  the 
danger  of  bleeding,  and  that  the  technique  had  to  be  as  uniform  as  possi- 
ble.   This  rule  may  well  be  regarded  as  obsolete. 

I  reproduce,  after  Kohler,  a  comparison  of  the  advantages  and  disad- 
vantages of  amputations  and  exarticulations. 
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AMPUTATION 


Advantages 

The  limb  can  be  detached  at  any  point  in  ita  con- 
tinuity, and  when  the  bone  is  found  diseased,  it 
may  be  sawed  through  airain  at  a  hifirher  level  with- 
out any  new  incision  of  the  soft  parts. 


Disadvantages 

The  sawinflT  throat  the  bene 
may  cause  bleeding^:  the  opening 
of  the  marrow  canal  may.  thitxigh 
infection,  favor  osteomyelitis  and 
pyemia. 


EXARTICULATION 


It  affords  the  possibility,  when  needed,  of  sever- 
infc  the  limb  higher  (shoulder,  hip-joints)  than 
would  be  possible  with  an  amputation.  Under  other 
circumstances,  it  drives  a  lonf?er  stump  than  would 
the  corresponding  amputations  (compare  the  partial 
exarticulations  of  the  foot  with  amputation  of  the 
leic;  exarticulation  of  the  elbow  and  knee  joints 
with  amputation  of  the  arm  and  of  the  thisrh). 

The  remaining?  stumps  offer  grenerally  broader 
surfaces  than  those  of  amputations,  and  therefore 
are  better  adapted  for  the  application  of  such 
artificial  appliances  on  which  the  limb  may  be 
supiiorted  directly. 

They  can  be  performed  with  less  instruments, 
fewer  assistants,  and  in  less  time :  temporary  he- 
mostasis  is  often  (knee  and  shoulder)  easier  to 
effect,  or  is  not  needed  at  all.  In  many  exarticula- 
tions (elbow,  wrist,  knee,  ankle),  the  soft  parts  to 
be  divided  are  much  thinner,  more  homogeneous, 
and  less  rich  in  blood  than  those  of  the  rival  am- 
putation, and  therefore  the  remaining  wound  is 
smaller,  and  the  operation  can  be  performed  with 
less  loss  of  blood. 


It  requires  a  comparatively 
large  skin  covering^  which  cannot 
always  be  secured  on  the  side 
from  which  it  is  most  convenient- 
ly performed. 

The  remaining  anfractuoBities 
of  the  joint  cavities  and  of  the 
opened  tendon  sheaths,  cause 
easily,  in  case  of  non-aseptic  evo- 
lution, considerable  suppuration* 
diffuse  phlegmons,  tendon  necro- 
sis, etc. 


2.  Upper  Extremity 

Amputation  and  Exarticulation  of  Fingers. — We  must  consider  as 
an  almost  universal  rule  in  removals  of  parts  of  the  upper  extremity  to 
keep  as  far  as  possible  from  the  root  of  the  limb,  to  spare  every  centi- 
metre, as  each  of  these  may  be  of  great  value  for  the  usefulness  of  the 
stump.  A  single  finger  still  capable  of  some  function  is  always  better 
than  the  best  artificial  limb  and,  with  assiduous  practice,  may  become  a 
good  substitute  for  the  whole  hand. 

In  removals  of  fingers,  we  take  essentially  in  consideration  the  preser- 
vation of  muscular  insertions.  These  muscular  insertions  are  found 
principally  on  the  proximal  end  of  phalanges:  therefore  we  spare  the 
latter  and  amputate,  provided  we  have  enough  skin  to  cover  the  stump. 
However,  we  must  not  be  altogether  too  conservative,  especially  when 
it  comes  to  removing  single  fingers  from  working  people.  Here  com- 
plete and  early  removal  of  a  finger  is  generally  preferable  to  having  a 
motionless,  or  partially  movable,  stump.    Many  times,  we  thus  keep  the 
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work  for  the  worker  and  save  the  professional  associations  the  payment 
of  indemnities. 

Whenever  possible,  the  covering  of  the  stump  will  be  taken  from  the 
palmar  skin,  because  the  latter  is  very  resistant,  and,  with  this  method, 
the  scar  lies  on  the  dorsal  surface  of  the  finger.  This  is  very  important, 
as  then  the  scar  cannot  strike  against  the  object  to  be  seized.  On  the 
contrary  a  scar  placed  in  a  bad  position  may  render  the  whole  hand  useless, 
as  frequently  any  violent  contact  will  cause  intense  pain  radiating  up- 
ward, so  that  patients  are  afraid  to  grasp  anything. 

Anesthesia.— AM  operations  on  the  fingers  and  the  hand  up  to  the 
middle  of  the  metacarpal  bones  may  be  performed  under  OhersVs  local  an- 
esthesia. After  complete  disinfection,  a  needle  is  inserted  in  the  middle 
line  of  the  dorsal  aspect  of  the  finger  above  the  first  phalanx  or  the  meta- 
carpal bone;  a  lump  is  formed;  then  the  point  of  the  needle  is  pushed 
down  in  the  subcutaneous  tissue,  a  small  quantity  of  1  or  2%  novocain- 
suprarenin  solution  is  injected,  and  the  needle  pushed  slowly,  the  injec- 
tion being  continuously  kept  up,  around  the  bone  on  the  radial  or  the 
ulnar  side  of  the  finger  (or  eventually  around  the  metacarpal  bone  through 
the  interosseous  space),  until  the  point  of  the  needle  has  reached  the 
middle  line  of  the  palmar  side.  This  is  effected  almost  always  without 
difficulty,  by  distorting  the  skin  toward  the  dorsal  side.  Then  the  needle 
is  withdrawn  to  its  point  of  entrance,  and  the  same  is  repeated  on  the 
other  half  of  the  circumference.  Thus  a  circular  injection  may  be  given 
through  a  single  prick.  After  completion  of  the  injection,  a  disinfected 
piece  of  rubber  tubing  is  placed  around  the  finger  in  a  figure  of  8  crossing 
the  dorsal  aspect  of  the  metacarpus  and  tied  in  the  palm  on  the  carpus,  or 
the  forearm  is  encircled  with  Esmarch^s  rubber  bandage,  each  spire  of 
which  must  not  completely  cover  the  preceding.  After  5  minutes,  at  most 
after  10,  a  complete  anesthesia,  including  the  bone,  and  lasting  at  least 
one-half  hour,  is  obtained.  The  progress  of  anesthesia  is  tested  with  the 
point  of  a  needle:  we  must  not  incise  before  the  patient  does  not  any 
longer  feel  deep  prickings  as  painful. 

Keeping  in  mind  the  rules  set  forth  above,  we  select  a  large  palmar 
flap  for  amputation  of  several  phalanges  together  and  exarticulations 
through  the  first  and  second  interphalangeal  joints.  In  amputations,  the 
palmar  flap  must  be  cut  as  long  as  possible;  it  is  always  easy  to  shorten  it 
afterward.  The  base  of  the  flap  takes  in  a  little  more  than  half  the  cir- 
cumference. The  flap  is  dissected  down  to  the  sheath  of  the  tendon,  then 
both  ends  of  the  incision  are  united  on  the  dorsum  of  the  finger  by  an  in- 
cision slightly  concave  distally  dividing  the  skin  and  subcutaneous  tissue: 
the  palmar  flap  and  the  dorsal  small  flap  are  retracted,  and  the  bone  is 
divided  by  means  of  a  fine  saw  or  of  Liston's  bone-cutting  forceps  (page 
77)  at  the  basis  of  the  flap.  Ligation  of  vessels  is  superfluous.  The  large 
palmar  flap  (which  one  need  not  fear  to  find  too  large)  is  drawn  toward 
the  dorsal  aspect  and  sutured  there  with  stitches  approximating  neatly 
the  wound  edges.    The  dressing  must  immobilize  at  most  the  injured 
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finger,  the  others  ought  to,  and  must,  be  moved.  Splints  are  superfluous, 
but  it  is  good  to  have  the  patient,  during  the  first  night,  keep  the  hand 
elevated  on  account  of  the  post-analgetic  after-pain,  and  carry  it  in  day- 
time in  a  sling.  The  stitches  are  left  in  eight  or  ten  days.  After  assiduous 
exercises  with  the  finger  are  advised,  or  even  conducted  by  the  surgeon 
himself. 

Exarticttlationm  of  Fingera. — In  exarticulations  through  tiie  inter- 
phalangeal  joints,  the  beginner  generally  finds  it  difficult  to  ascertain  the 
position  of  said  joints.  When  the  fingers  are  extended,  the  difficulty  is 
real.    But  the  joint  will  always  be  easily  found  about  3  or  4  milli- 
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metres  distal  to  the  palmar  articular  fold.  The  finger  being  in  < 
flexion  (see  Fig.  170)  simply  unite  the  ends  of  those  palmar  articular 
wrinkles  by  a  transversal  incision  on  the  segment  of  finger  to  be  removed, 
penetrating  at  once  down  to  the  bone  or  joint  and  dividing  the  extensor 
tendon.  After  cutting  also  the  lateral  articular  ligaments  till  the  palmar 
side  of  the  joint  is  reached,  a  not  too  wide  knife  is  inserted,  cutting  edge 
toward  the  periphery,  between  the  bone  and  the  palmar  soft  parts,  and 
the  finger  placed  in  extension.  The  surgeon  then  grasps  the  part  to  be 
removed  with  his  left  hand,  thumb  on  the  dorsal  aspect,  indicator  and 
middle  fingers  in  the  palm.  Section  in  distal  direction,  the  cutting  edge 
of  the  knife  being  always  kept  close  to  the  bone.  (See  Fig.  171,  first 
second,  and  fifth  finger.)     All  further  steps  as  for  an  amputation. 

Exarticulation  in  the  metacarpo-phalangeal  jointa  is  chiefly  per^ 


OPERATIONS  ON  THE  EXTREMITIES 


145 


formed  with  an  oval  or,  better,  racket-thaped  inciaion.  But  it  is  self- 
evident  that  we  may  also  very  well  make  a  large  flap  at  the  expense  of 
the  palmar  side  of  the  finger  and  turn  it  up  toward  the  dorsal  side. 

The  metacarpo-phalangeal  joint  can  be  palpated  easily  on  each  side  of 
the  dorsal  extensor  tendon :  the  sharply  projecting  edge  of  the  base  of  the 
first  phalanx  is  distinctly  felt.  The  incision  runs  transversely  on  the  pal- 
mar side  a  little  distal  to  the  basal  articular  finger-fold,  winds  around 
the  finger  both  on  the  ulnar  and  radial  sides,  becomes  progressively  oblique, 
and  reaches  the  dorsal  side  to  end  at  a  point  in  the  middle  line  on  the 
metacarpus  (see  Fig.  171,  fourth  finger).  Itdividesthe  skin  down  to  the 
tendon  sheaths.  On  the  dorsal  aspect,  the  skin  is  liberated  on  both  sides 
80  as  to  form  small  flaps.     Once  more,  the  surgeon  feels  for  the  articular 
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Space  and,  tiie  joint  being  flexed  at  a  right  angle,  cuts  through  the  dorsal 
tendon  and  the  articular  capsule.  By  pulling  strongly  on  the  finger,  and 
retracting  the  palmar  flap,  it  becomes  easy  to  divide  the  rest  of  the  soft 
parts  together  with  the  flexor  tendon.  When  the  oval  wound  has  been 
sutured,  the  scar  falls  exactly  in  the  interdigital  space. 

As  the  heads  of  the  third  and  fourth  metacarpal  bones,  after  exarticu- 
lation  of  the  corresponding  finger,  keep  the  two  neighboring  fingers 
far  apart  in  an  unsightly  manner  and  make  impossible  tight  closing  of 
the  hand  as  necessary,  for  instance,  to  sow  or  to  hold  dry  sand,  etc.,  it 
is  convenient  to  remove  t^em.  The  resulting  shape  of  the  hand  is  illus- 
trated in  Fig.  172.  To  this  end,  the  incision  is  lengthened  on  the  dorsal 
side  (see  Fig.  171,  middle  finger)  up  to  the  middle  of  the  metacarpus  and 
here  carried  deep  to  the  bone.  The  finger  is  not  exarticulated  at  first, 
but  remains  connected  with  the  metacarpal  bone,  whose  head  is  dissected 
free  all  around  with  knife  and  scissors:  this  dissection  is  made  easy  by 
the  good  grip  the  finger  affords  to  the  left  hand  of  the  surgeon.    Close  to 
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the  proximal  end  head,  the  periosteum  is  incised  circularly  and  through 
the  dorsal  incision  circularly  freed  with  an  elevator  and  preserved  on  ac- 
count of  the  insertions  of  the  interossei  muscles.  The  sawing  is  best 
effected  with  GigWs  saw,  in  the  middle  of  the  shaft.  When  the  dressing 
is  applied,  circular  turns  of  the  bandage  passed  around  the  middle  part  of 
the  hand  press  against  one  another  the  remaining  metacarpal  heads.  In- 
cidentally, let  us  say  that  in  all  dressings  applied  around  the  middle  part 
of  the  hand,  even  when  the  fingers  remain  free,  a  gauze  strip  must  be  in- 
serted between  each  two  neighboring  fingers  to  absorb  the  sweat  which 
is  always  abundantly  secreted  there.  Otherwise  a  marked  and  lasting 
eczema  may  result.  In  amputations  of  the  second  and  fifth  metacarpi, 
the  bone  is  bevelled  in  the  direction  of  the  finger,  so  as  to  avoid  an  angu- 
lar projecting  bone  stump. 

The  same  principle  just  described  in  the  amputation  of  a  finger  through 
the  metacarpus  is  followed  in  Adelmann^a  operation.  Adelmann,  the 
fingers  being  widely  spread  apart,  used  to  cut  close  to  the  finger  to  be 
removed  with  a  sharp  amputation  knife,  starting  in  the  interdigital 
space  and  going  up  till  the  middle  of  the  palm  was  reached;  then  the  same 
was  repeated  on  the  other  side  of  the  finger:  thereby,  the  skin  incisions 
reached  a  point  proximal  to  the  metacarpo-phalangeal  joints  and  were  also 
very  simple.  Then  the  metacarpal  bone  was  divided  as  above.  The  oper- 
ation can  be  performed  extraordinarily  quickly,  but  leaves  a  scar  in  the 
palm,  a  thing  which,  as  a  general  rule,  is  to  be  avoided.  In  exarticula- 
tions  for  suppurative  processes,  there  are  already  incisions  in  the  palm  in 
most  cases,  and  opportunities  will  arise  oftener  to  carry  out  Adelmann^s 
technique. 

In  exarticulation  of  the  thumb  in  the  metacarpo-phalangeal  joint 
(the  metacarpus,  whenever  possible,  must  be  spared  in  part  or  in  whole, 
or  at  least  its  periosteum  with  the  muscular  insertions)  a  practical  proce- 
dure is  to  stitch  the  stumps  of  the  flexor  and  extensor  tendons  to  the  peri- 
osteum of  the  edge  of  the  head  of  the  bone,  so  as  to  give  the  metacarpus 
as  much  mobility  and  power  as  possible. 

Only  seldom  will  the  occasion  arise  to  perform  transversal  exarticula- 
tions  or  amputations  in  the  regions  of  the  metacarpus  and  the  carpus. 
It  will  always  be  in  cases  of  injuries,  caused  for  instance  by  circular 
saws,  or  crushings  of  the  hands  with  more  or  less  extensive  destruction 
of  soft  parts.  The  surgeon  must  then  behave  according  to  circumstances. 
It  is  an  undeniable  advantage  when  enough  of  the  carpus  and  metacarpus 
can  be  saved  to  preserve  the  insertions  of  the  carpal  flexor  and  extensor 
tendons. 

Exarticulation  of  the  Hand. 

In  the  cutting  of  flaps,  we  must  also  be  guided  here  by  the  material  at 
our  disposal,  as  injuries  give  also  the  most  frequent  indications  for  re- 
moval of  the  hand.  Large  dorsal  large  palmar  flaps,  combinations  of 
larger  and  smaller  dorsal  and  palmar  flaps,  and  of  flaps  from  the  thenar 
eminence  to  cover  the  stump  have  been  at  times  each  selected.     Each  one 
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has  its  good  and  bad  points.  Undisputed  it  is,  that  the  palmar  flaps  are 
the  better  supplied  with  bloodvessels  and  have  a  more  resistant  skin,  but 
are  also  a  little  more  difficult  to  cut  and  more  unyielding.  Provided  the 
cutaneous  scar  is  movable  and  insensitive,  all  methods  give  good  results, 
as  the  resistance  of  such  an  artn  stump  will  not  be  submitted  to  the  same 
strain  as  that  of  a  leg  or  foot  stump,  which  has  to  carry  the  whole  weight 
of  the  body. 

Exarticulation  with  Dornal  Flap. 

It  is  decidedly  the  simplest,  and  in  former  times,  was  generally  used, 
all  the  more  because  in  this  method  the  large  bloodvessels  are  cut  only 
at  the  end  of  the  operation.  The  in- 
cision is  carried  from  the  palmar  aspect 
of  the  styloid  process  of  the  ulna  along 
the  ulnar  border  of  the  hand  to  the  head 
of  the  fifth  metacarpal  bone;  similarly 
an  incision  runs  from  the  styloid  pro- 
cess of  the  radius  to  the  head  of  the 
second  metacarpal,  and  the  ends  of  those 
two  incisions  are  united  by  a  third  pass- 
ing transversely  on  the  back  of  the 
hand  and  dividing  the  skin  down  to 
the  fascia  (see,  on  Fig.  173,  the  thick 
line).  The  flap  is  dissected  away  from 
the  fascia  in  the  manner  described  more 
at  length  on  page  51  to  the  level  of  a 
transversal  line  uniting  both  styloid 
processes.  The  flap  is  turned  up  toward 
the  arm,  and  the  hand,  which  the  sur- 
geon has  firmly  grasped,  is  bent  toward 
the  ulnar  side.  A  little  distal  to  the  easily 
seen  and  felt  styloid  process  of  the  ra- 
dius, a  strong  knife  (bone  knife  or  broad 
scalpel)  is  placed  and  penetrates  into  the 
joint  between  radius  and  scaphoid,  after 

severing  the  strongly  stretched  external  articular  ligament.  The  articular 
line  is  convex  proximally.  Keeping  close  to  the  distal  bones,  first  sca- 
phoid, then  semilunar,  then  pyrifonnis,  the  surgeon  severs  the  dorsal  ten- 
dons, ligaments,  and  the  capsule,  but  spares  the  discus  artieularis  between 
the  ulna  and  the  carpus,  so  as  not  to  open  the  radio-ulnar  joint  important 
for  pronation  and  supination  movements.  The  very  strong  internal  liga- 
ment is  stretched  by  flexion  of  the  hand  toward  the  radial  side  and  divided 
close  to  the  pyriformis  and  the  pisiformis.  Then  a  long  amputation  knife 
is  inserted  distally  of  both  styloid  processes,  cutting  edge  directed  toward 
the  palm  and  the  fingers  and  a  small,  convex  distally,  flap  of  soft  parts 
is  cut  by  long,  sawing  motions.  The  ulnar  and  radial  arteries  must 
be  both  ligated  (see  the  cross-section  about  Ligation  of  those  two  vessels. 
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p.  119).  The  median  nerve  inclosed  in  the  bundle  of  flexor  tendons  and 
the  ulnar  nerve  near  the  ulnar  artery  must  be  drawn  out  and  shortened. 
Other  vascular  ligatures  are  hardly  necessary.  Dressing  extending  up  to 
the  middle  of  the  arm,  the  elbow  being  bent  at  a  right  angle,  otherwise 
the  dressing  is  very  apt  to  slip.  Early  pronation  and  supination  move- 
ments. 

To  form  a  flap  from  the  palmar  side,  the  order  of  steps  is  reversed. 
Incision  beginning  on  the  ulnar  styloid  process  and  going  to  the  middle  of 
the  fifth  metacarpal.  Similar  incision  from  the  radial  styloid  process  to 
the  first  metacarpo-phalangeal  joint  Reunion  of  the  distal  extremities  of 
both  incisions  by  a  transversal  incision  in  the  palm  and  dissection  of  the 
flap  up  to  the  styloid  processes.  Section  of  the  flexor  tendons  with  the 
amputation  knife.  Entering  the  wrist-joint  on  the  radial  side  is  made 
easier  by  flexion  of  the  hand  toward  the  radial  side,  as  above.  The  am- 
putation knife  severs  the  dorsal  soft  parts  in  a  transverse  direction,  with- 
out forming  any  flap. 

To  carve  a  flap  from  the  thenar  eminence,  the  surgeon  proceeds  in  a 
similar  fashion  (see  in  Fig.  173,  the  punctuated  line).  Occasionally  ve 
may  also  use  two  shorter  flaps,  one  palmar  and  one  dorsal,  cut  in  the  man- 
ner indicated  on  Fig.  173  by  the  dotted  lines. 

Amputation  of  the  Forearm. 

This  is  one  of  the  simplest  amputations,  as  we  can  take  wherever  we 
will  the  skin  to  cover  the  stump.  A  prosthetic  appliance,  however,  can- 
not be  adjusted  on  the  forearm  exclusively,  as  it  would  necessarily  slip 
on  account  of  the  conical  shape  of  the  stump ;  it  must  also  be  fastened  to 
the  elbow-joint  which  has  very  marked  bony  prominences.  The  longer 
the  stump,  the  more  muscular  insertions  are  saved,  and  the  firmer  it  will 
remain  in  the  necessary  appliance,  whereas  a  very  short  stump  can  slip 
out  easily  at  the  elbow.  Whenever  possible,  the  segment  of  the  forearm 
to  which  are  attached  the  brachialis  anticus,  the  biceps,  the  anconaeus, 
the  triceps  and  the  pronator  teres  must  be  preserved,  as  this  will  insure 
flexion  and  extension  movements.  Vaughetti  has  had  the  idea  in  order 
to  spare,  in  amputations  of  the  forearm,  the  muscles  and  tendons,  particu- 
larly those  having  an  important  function,  to  wrap  them  in  skin,  and  to 
suture  or  tie  them  together  in  loops  (see  Vaughettiy  Plastica  e  protesi 
cinematiche,  Nuova  teoari  sulle  amputazioni  e  sulla  protesi.  Empoli,  E. 
Traversari,  1906).  On  these  tendon  and  skin  loops,  very  ingeniously  de- 
vised prosthetic  appliances  are  adapted,  which  close  when  the  loop  draws 
on  them  and  are  suitable  therefore  for  grasping  objects  without  the  help 
of  the  sound  hand.  Ceci  has  further  elaborated  this  very  complicated 
method,  which  deserves  more  appreciation  from  our  part.  But  I  must  be 
satisfied  here  with  a  bare  indication  of  the  principle  of  the  method  and  of 
the  sources  where  more  details,  with  illustrations,  can  be  found.  Ampu- 
tation of  the  forearm  may  be  performed  with  a  variety  of  incisions.  I 
shall  mention  first  Petit's  circular  incision,  a  method  which  was  in  for- 
mer times  resorted  to  extraordinarily  often,  and  from  the  introduction  of 
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which  dates,  so  to  speak,  a  new  era  in  amputations.  An  assistant  holds 
the  part  of  the  limb  to  be  detached,  the  surgeon  places  himself  so  that  said 
part  falls  to  his  right,  encircles  the  limb  with  his  left  hand— in  case  of 
large  limbs  this  must  be  done  by  an  assistant  with  both  hands — and  draws 
strongly  the  skin  in  a  proximal  direction.  The  skin  is  next  incised  with 
a  long  amputation  knife.  I  shall  omit  here  the  different  steps  of  the  older 
surgeons,  of  which  there  were  four,  constituting  the  so-called  "knife- 
throw";  butall  those  fine  points  were  all  planned  with  a  view  of  enabling 
the  surgeon  to  complete  the  operation  with  the  utmost  rapidity  so  as  to 
spare  the  patient  suifenng  and  blood.  (It  was  a  matter  of  pride  for  a 
surgeon  to  need  a  few  less  seconds  than  another  for  a  complete  amputa- 
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tion.)  The  manner  of  holding  the  knife  to  cut  the  skin  on  the  side  of 
the  limb  farthest  from  the  operator  is  shown  in  Fig.  174.  When  the  skin 
has  been  divided  all  around  down  to  the  fascia,  then,  the  skin  being 
strongly  retracted  upward  (proximally)  the  muscles  are  divided  down  to 
the  bone,  in  one  or  two  layers  (Desault)  and  preferably  with  an  amputa- 
tion knife  as  the  latter  makes  a  more  even  section;  and  the  bones  are 
sawed  through.  The  section  of  the  bone  is  farthest  proximally,  that  of 
the  skin  farthest  distally,  the  soft  parts  form  a  funnel  with  the  point 
proximal  and  can  be  sutured  over  the  bone,  so  that  the  latter  is  covered 
all  around.  It  is  essential  that  the  soft  parts  can  be  sutured  over  the 
bone  stump  without  any  tension  whatever,  because  they  retract  still  more 
strongly  afterward:  thereby  the  bone  end  becomes  always  more  and  more 


150  OPERATIOXS  OX  THE  EXTREMITIES 

s^ipernciaL  the  skin  stretches  and  the  rightly  feared  conical  shape  of  the 
st^znp  dtrelops.  With  the  circular  method,  the  scar  resulting'  from  the 
sc^tiire  of  the  skin  falls  on  the  middle  of  the  stump. 

Instead  of  P^ttiVi  circular  incision,  we  now  as  a  rule  make  a  areolar 
incision  through  the  skin  down  to  the  fascia  and  then  dissect  upward  the 
skin  :n  the  shape  of  a  cuff  isee  Fig.  169.  IIL  on  p.  139  K  until  said  caff  is 
abc^Jt  as  k>r.g  as  the  limb  is  thick.  Then  the  cuff  is  turned  up.  At  its 
upper  IfmiL  the  muscles,  together  ^ith  the  penosteum.  are  cut  tfaroogfa 
with  an  amp:2tanon  knife,  the  periosteum  freed  and  pushed  upward  a 
little  and  the  bone  sawed.  The  formation  of  the  cuff  may  present  some 
iif^xnlvf  in  those  segments  of  limb  where  the  diameter  increases  rapidly 
'strong  forearms,  thigh),  because  the  cuff  cannot  be  everted  upward. 
Then  we  must  add  to  the  circular  incision,  one  or  two  lateral  longitudinal 
indsions.  so  as  to  form  two  equal  flaps.  Thus  we  find  here  the  transition 
to  flap  incisions.  But  we  must  also  remark  that  aU  circular  incisions  give 
a  scar  directly  in  the  middle  of  the  incision,  which  therefore  comes  easily 
in  direct  contact  with  the  artificial  limb.  This  latter  drawback  may  be 
averted  by  the  use  of  an  oval  incision  in  which  the  line  of  incision  is  not 
in  a  transversal,  but  in  an  oblique,  plane  relatively  to  the  axis  of  the  limb. 
The  more  oblique  the  plane,  the  farther  on  the  side  also  falls  the  scar 
after  reunion  (see  Fig.  193). 

The  oldest  method  of  flap  cutting  is  that  of  Sedillot  by  transfixion  (see 
Fig.  169.  TV,  and  exarticulation  of  the  hipL  In  this  method,  a  long  and 
pointed  amputation  knife  was  thrust  in  on  one  side  of  the  joint,  carried 
around  the  bone  and  made  to  come  out  on  the  other  side  of  the  limb  in  a 
point  exactly  opposite  the  point  of  entrance,  and  then  a  flap  was  cut  from 
within  outward  and  distalward.  The  same  procedure  was  repeated  on 
the  other  side  of  the  limb.  The  rest  of  the  soft  parts  was  cut  circularly 
together  with  the  periosteum  at  the  upper  limit  of  the  incision.  We  have 
already  learnt  a  method  somewhat  similar  to  Sedillofs  flap  formation  by 
transfixion,  when  studying  finger  exarticulations. 

Nowadays,  we  generally  use  flap  incisions  only  for  the  skin  and  sever 
the  other  soft  parts  circularly,  and  we  tr\-  to  do  this  in  such  a  manner 
that  when  the  flaps  will  have  been  sutured,  the  scar  will  fall  on  soft  parts 
and  not  on  the  bones. 

Most  frequently  we  choose  a  larger  and  a  smaller  flap,  either  with 
rectangular  (Fig.  169.  D  or  n^unded  (Fig.  16i>,  ID  comers:  the  latter  have 
the  advantage  of  giving  a  more  even  line  of  suture,  without  projecting 
ridges. 

For  amputation  of  the  forearm,  a  circular  incision,  with  eventually 
a  longitudinal  slit  along  the  ulnar  oivst  is  iilmost  iilwajs  suflScient.  The 
patient  lies  close  to  the  edge  of  tho  table,  the  arm  is  horizontally  abducted 
from  the  body.  Formation  of  a  cut^  circular  division  of  the  soft  parts 
(with  the  amputation  knife  I)  at  tho  ix>int  of  rortootion  of  the  cuff,  during 
which  step  care  must  be  takon  that  tho  outT  is  not  injured.  Now  remain 
still  to  be  divided  the  Si>ft  part>^  of  tho  inton^^^vus  space,  which  can  be 
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effected  with  any  pointed  knife,  but  best  with  Cathelin's  pointed  knife 
cutting  on  both  sides  (see  Fig.  175,  the  arrows  show  the  directions  in 
which  the  knife  must  be  carried).  The  knife  is  plunged  vertically  in  the 
space,  the  cutting  edges  directed  against  the  bone;  the  surgeon  cuts  by 
sawing  motions  all  the  soft  parts  down  to  the 
cortical  layers  of  the  bone  and  carries  the 
knife  around  in  an  horizontal  plane  (keeping  it 
always  perpendicular  to  the  long  axis  of  the 
limb)  and  cuts  once  more.  The  periosteum 
is  pushed  back  proximally  with  an  elevator, 
so  as  to  free  a  short  segment  of  bone;  a  long 
gauze  compress  is  inserted  in  the  interosse- 
ous space,  one  end  is  laid  on  the  soft  parts 
of  the  radial  side,  the  other  on  those  of  the 
ulnar  side,  and  by  means  of  these,  the  soft 
parts  are  strongly  drawn  upward.  The  gauze 
compresses  protect  the  wound  against  direct 
contact,  and  catch  the  bony  saw-dust.  When 
sawing  the  bone,  the  surgeon  begins  on  the 
ulna  and  saws  through  about  one-third  of  the 
thickness  of  the  latter,  so  as  to  get  a  good 
guide  for  the  blade  of  the  saw,  then  turns  Fig.  175. 

his  attention  toward  the  much  looser  and 

movable  radius,  which  is  completely  sawed  through ;  then  completes  the  " 
sawing  of  the  ulna.     There  are  principally  to  be  tied  the  ulnar,  radial, 
anterior  (lying  on  the  radius)  and  posterior  (running  with  the  deep 
branch   of  the  radial  nerve)    interosseous  arteries.     Dressing  as  for 
exarticulation  of  the  hand. 

Exarticulation  of  the  Forearm. 

It  is  almost  always  made  with  a  large  dorsal  flap.     The  arm  is  held 
vertically,  the  incision  begins  a  little  on  the  palmar  side  of  the  external 


(radial)  or  internal  (ulnar)  epicondyles  of  the  humerus,  so  that  the  base 
of  the  flap  is  somewhat  wider  than  the  half  circumference  of  the  limb, 
goes  from  there  distally  exactly  to  the  limit  of  the  upper  and  middle 
thirds  of  the  forearm  where  both  incisions  are  united  by  a  transversal 
(Fig.  176).  Dissection  of  the  flap  up  to  the  tip  of  the  olecranon.  The 
flap  is  turned  backward  and  upward.    The  surgeon  palpates  the  joint 
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bemeen  the  radial  head  and  the  humerus,  which  is  ea^y  with  the  aid  of 
pronadiMi  and  supination  movements,  and  with  a  strong  knife,  divides 
the  capsule  and  articular  ligaments  first  in  this  ix>int  (Fig.  177)  and  after, 
sjwajrs  keeping  to  the  bone  and  circling  the  olecranon,  divides  the  part 
of  the  ci4)sule;  the  ligaments  and  tendons  which  are  inserted  into  the  ulna 
I  triceps).  Now  the  joint  gsps  widely;  an  amputation  knife,  cutting  edge 
turned  toward  the  palmar  aspect  of  the  limb,  is  inserted  in  the  articular 
5pace  and  drawn  toward  the  flexion  side  a  little  obliquely  and  distally,  so 
that  it  carves  a  smaller  anterior  fli^).  We  have  to  ligate  the  brachial 
artery  near  its  bifurcation,  to  shorten  the  ulnar  nerve  dose  behind  the 
epitrochlea.  the  median  nerve  nearer  the  middle  line  of  the  body  than 
the  artery  and  the  tendon  of  the  biceps  and  of  the  radialis  on  the  outer 
side  of  the  epicondyle.     The  suture  line  falls  on  the  flexion  side  and  runs 

transversely  frcHn  the  epicondyle  to 
the  epitrochlea. 

Amputation  of  the  Amu 
Formation  of  a  cuff,  or  Petifs  cir- 
cular incision,  or  flap  incision  with  a 
laiger  dorsal  fliqp.  Circular  divisi<m 
of  the  other  soft  parts  and  of  the 
bone  after  the  periosteum  has  been 
incised  and  pushed  upward.  Ligation 
of  the  brachial  artery  in  the  internal 
bicipital  groove  when  it  is  accompan- 
ied by  the  median  nerve,  and  runs 
ventrally  of  the  internal  intermuscular 
septum,  and  of  the  profunda  hrachii 
arter>'  which,  in  the  middle  of  the 
arm.  runs  with  the  musculo-^iral 
nerre  or.  the  iv^terior  surfa^v  of  the  humerus  and  is  directly  apidied  on 
the  K^T^e.  In  the  middle  of  the  am\  the  ulr.ar  nerve  lies  dorsal  to  the 
ir.temal  ir.tiorrs'iuscular  soptuni:  in  the  distill  third  of  the  arm  it  lies  <m 
the  ir.terr.Al  hosd  of  tho  trivvivs.  while  the  rvjisoulo-spiral  passt 
<ci  the  o;::tor  side  o:  tho  K^!u\  thro;;>:h  tho  braohioradialis  muscle. 
£jnttf  ticmtation  of  th*  Arfn. 

Ir,  this  oivrntiv^n.   .^V^,:v'/.<  anir.oiAl  ;i:':o:r.ia  can   be  utilixed  «Jy 
wher  wo  s;:hs:i:»:o 
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circular  incision,  the  vessels  are  ligated  before  the  bone  is  cut  (very  im- 
portant) Uien  the  remaining  fragment  of  humerus  is  extracted  through  a 
resection  incision  (see,  later.  Reaction  of  humerus)  either  subperioste- 
ally  or  together  with  its  periosteum. 

One  will  only  seldom  find  an  opportunity  to  use  this  method  which  is 
frequently  employed  in  a  similar  way  for  exarticulation  of  the  hip. 

In  most  cases  we  make  an  incision  for  an  external  flap  (see  Fig.  178) ; 
the  vertical  legs  of  said  incision  begin,  the  front  one,  on  the  tip  of  the 
coracoid  process,  the  posterior  one  on  the  posterior  end  of  the  acromion 
(the  patient  is  placed  for  the  operation,  the  shoulder  projecting  outside 


Fig.  178. 


Fig.  179. 


the  edge  of  the  table,  and  the  upper  part  of  the  body  slightly  raised.  An 
assistant  stands  at  the  head  of  the  patient  so  as  to  grasp  quickly,  in  the 
manner  illustrated  by  Fig.  179,  the  axillary  flap  and  press  on  the  therein 
contained  bloodvessels.  The  incisions  run  downward  to  the  insertion  of 
the  deltoid  on  the  humerus  and  are  there  united  by  a  transverse  incision. 
It  is  veiy  good  to  be  able  to  include  in  the  thus  delimited  skin  flap  the  del- 
toid muscle.  If  that  is  not  possible,  the  skin  flaps  are  dissected  away  up 
to  their  basis,  and  then  the  deltoid  is  divided  layer  by  layer  below  its 
upper  insertion,  eventually  on  a  Kocher  director  introduced  underneath 
its  body.  The  anterior  border  of  the  muscle  is  the  outer  limit  of  Mohren- 
heim's  fossa  (see  Ligation  of  subclavian  artery  below  the  clavicle)  and 
can  be  easily  found.  When  the  muscle  is  kept,  the  surgeon  exposes  this 
border  in  its  upper  portion  and  follows  it  downward  to  the  region  of  the 
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humoral  innertion:  the  muscle  is  then  divided  layer  by  layer  above  the 
hittor  and  a  little  higher  than  the  transversal  skin  incision:  then  the  pos- 
terior lK)rder  of  the  muscle  is  followed  from  below  upward.  Thus,  we 
huvo  a  thin  skin-and-muscle  flap  which  later  falls  by  itself  downward  and 
inward  over  the  wound  surface  and  can  be  easily  everted  upward.  Now 
wo  Hw  tho  head  of  the  humerus,  covered  only  by  the  tendons  going  to  the 
rniijor  and  minor  tuberosities  and  the  coraco-humeral  ligament  and  the 
articular  capsulu.  The  elbow  being  flexed  at  a  right  angle,  the  arm  is 
Htn>n>rly  rotatc»d  outward.  Thereby,  the  lesser  tuberosity  is  considerably 
hn)U^ht  outward  and  on  its  inner  side  we  place,  parallel  with  the  long  axis 
of  thc^  humoruH,  a  bone  knife  with  which  we  cut  strongly  downward  as  if 
wo  wantod  to  split  the  humeral  head;  so  doing,  we  divide  the  tendon  of 
tho  Hulmoapularis  musclo.  maybe  also  the  edge  of  the  teres  major,  and  we 
o|HM\  In  fn>nt  tho  articular  capsule.  A  similar  manipulation  is  executed, 
tho  arm  hoing  in  strong  intornal  rotation  (so  as  not  to  have  the  latter 
slopiHMi  by  tho  thorax  of  the  patient,  the  elbow  must  be  extended) 
t4>  di  vido  tho  tondons  of  tho  supraspinatus.  infraspinatus,  and  teres  minor 
musolos  jis  woll  as  tho  back  part  of  the  joint  capsule.  The  arm  being  in 
an  intonuodlaU*  |H>sition  botwoiMi  outward  and  inward  rotation,  the  upper 
onds  of  lH>th  capsular  incisions  are  united  by  an  incision  passing  over  the 
top  of  tlu^  Immoral  hoad  thi\)ugh  the  coraco-humeral  ligament  and  what 
is  loft  of  tho  oapsulo.  Tho  incision  as  a  whole  has  now  the  shape  of  an 
invortod  \a\{\\\  U,  Now  tho  humerus  can  be  easily  dislocated  outward. 
Tho  iu^sistai\t  standing  to  tho  hoalthy  side  of  the  patient  grasps  the  remain- 
ing soft  parti*  in  tho  man  nor  n^prosontod  on  Fig,  179  bet^^een  the  thumb 
aiul  foivllngt^r*  ivndy  at  ovory  nu>mont  to  compress  the  axillary  flap  which 
will  tu>w  Ih*  out  U!\d  which  ix^ntains  tho  Uirgo  bloodvessels.  So  as  to  avoid 
dii\vt  vviUaots  U^twtvn  tho  wound  and  tho  lingers,  the  former  must  be 
ptvtfVtxHl  by  a  gaur.o  siHMigt\  .\n  sunputation  knife  is  introduced  behind 
tho  lu^id  of  tho  hmnonjs,  laid  on  tho  still  romaining  lower  part  of  the  ci^ 
5i\do,  and  is  bivu>iht  downwaixi  towanl  the  arm.  by  quick  and  long 
motions,  Tho  a\iUar\  vossols,  it\  this  moUuxl,  are  divided  last.  They 
a^XMpnoUy  soi?AHl  in  tho  axillary  tlap  and  ligated.  They  are  chiefly  the 
axillao  NA\<^ols  and  tho  anterior  atui  ixvstorior  ciroumflejca  humeri.  So  as 
tx^  do  a\va>  >\  ith  tho  shan^ly  prv\itvtii\g  orvst  of  the  aci\>mion.  many  exr 
cis*''  it  in  an  antoiv|\v<tonor  dirvvtH>n, 

\(  st;ll  in  doubt  as  to  >vhothor  wo  must  rosoot  or  exardculate,  as  may 
hajH'**^^  in  oassos  of  t;;lyMvuio;;s  diso;^<n^  of  tho  sK^ider-joinl.  then  let  us 
s^^Wt  i^^^vk/'^ /.-^^f '  \vMnoth\vi  is<v  Fi?:.  l^^^^.  lno:<;:v^n  as  for  the  resectkNH 
^^f  tho  shxv.ldor  b>  Jo 'i,\*\\vi'*s  motivvi  i:kv  :h:s  paragraph).  After 
^^^vtvir^  tho  sKv/.dov  >v,r<t  AKV\ji"s^io  tho  ior^c  :or.vV>r.  of  the  biceps,  ijt- 
^\\^\  tho  Nviv.t  U  oxA^^'tuv/iAtior.  ::>  :"jt\\^'Si>An ,  iho  5iin  indsioo 
o;;v\*4:vc  shA:vl>  on  tho  *\;t'OV  ,v.^?  tho  '"r.^-ior  :s';ot'»>  of  The  limb  is  earned 
A^w.na  tho  'Attvv  5^^  th^s  tho  ^Iv.x-.s^^^'isn^^vt  .>r.  :ho  ;v^tcr!or  a^^^ect  of  the 
Arv,  Av,;  hs\o  hoiv  a:":  o\,;s;>  tvA^.sw.'s:;',  ^i•:r!lv:^^r..  >A~::*  i^booe  knife 
Av,o,  tho  A  »i  of  *\,5u  Avo,  Avd  'vwAro.  rv^tAt  sV*.  of  vhc  jirr.^,  :he  tiaidQiis  of 
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the  major  and  minor  tuberositiesare  divided  close  to  the  bone  (see  above), 
until  the  humeral  head  can  be  widely  dislocated  outward.  An  assistant 
compressing  the  remaining'  soft  parts  exactly  as  said  above,  and,  in  so 
doing,  holding  them  on  each  side,  an  amputation  knife  cuts  the  soft 
parts  so  as  to  come  out  through  the  previously  traced  skin  incision. 

There  exist  also  other  methods  of  incision,  which,  as  all  the  preceding, 
aim  at  reducing  to  the  smallest  possible  amount  the  bleeding  from  the  ax- 
illary vessels. 

But  it  must  also  be  mentioned  here  that  recently,  in  cases  of  malig- 
nant tumors  even  of  the  upper  end  of  the  humerus,  instead  of  exiirticula- 
tion,  resection  of  the  diseased  bone  segment,  together  with  the  articular 


head,  followed  immediately  by  transplantation  of  pieces  of  the  fibula,  has 
been  often  undertaken,  and  that  a  movable  arm  has  been  obtained. 

Removal  of  the  Whole  Upper  Extremity. 

The  conception  of  this  operation  belongs  to  the  French  surgeon  Berger, 
and  according  to  statistics  collected  by  him  in  1906  had  been  up  to  that 
time  performed  128  times,  chiefly  for  malignant  tumors  and  injuries  of 
the  upper  end  of  the  humerus  and  of  the  shoulder-blade.  When  regularly 
executed  with  careful  observance  of  anatomical  relations,  this  operation 
is  not  too  dangerous,  but  is  extraordinarily  radical  and  therefore  very 
beneficial,  even  if  fearfully  mutilating.  Kocher  justly  calls  this  operation 
Interthoracoscapular  amputation,  as  it  leaves  in  place  of  all  iJie  bony 
scapular  belt  only  the  internal  segment  of  the  collar-bone. 

Incision  (see  Fig.  181—1  am  guided  essentially  by  the  description  of 
the  operation  as  given  by  Kocher)  beginning  on  the  inner  third  of  the 
clavicle,  running  along  the  border  of  this  bone  to  the  acromion  and  thence 
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behind  to  the  posterior  axillary  fold;  in  front,  along  the  anterior  border 
of  the  deltoid  muscle  to  the  anterior  axillary  fold;  both  incisions  being 
united  on  the  thoracic  wall  by  a  transversal  cut  The  incision  divides 
the  skin  and  the  subcutaneous  fat.  On  the  middle  third  of  the  clavicle, 
it  also  divides  at  once  the  periosteum  which  is  detached  circularly  with 
an  elevator.  Then  the  bone  is  divided  transversely  with  GigWs  saw,  close 
to  the  clavicular  insertion  of  the  stemo-cleido-mastoid  muscle,  and  the 
distal  end  is  strongly  drawn  outward  by  means  of  a  sharp  hook  introduced 
into  the  marrow  canal.  After  the  posterior  periosteum,  together  with  the 
insertion  of  the  subclavius  muscle,  has  been  incised,  the  first  organ  to  ap- 
pear is  the  axillary  plexus  whose  trunks  are  divided  across  separately 
after  novocainization.  Farthest  in  front  and  below,  appears  then  the  sub- 
clavian vein,  farther  behind,  the  artery.  Both  these  vessels  are  carefully 
isolated,  doubly  ligated  and  severed  between  the  ligatures,  the  vein  proxi- 
mal to  the  mouth  of  the  cephalic  vein.  The  arteria  transversa  scapulas, 
running  in  front  of  the  scalenus  anterior  muscle,  can  also  be  found  and 
ligated.  The  pectoralis  major  muscle  is  divided  vertically  from  above 
downward,  on  a  grooved  director  inserted  underneath;  the  fascia  coraco- 
clavicularis  in  the  same  way,  then  the  pectoralis  minor  obliquely  along  its 
thoracic  insertion.  Now  the  whole  scapuloclavicular  bony  belt  can  be 
lifted  away  from  the  thorax  on  account  of  the  loose  connective  tissue  ex- 
isting between  the  shoulder-blade  and  the  thoracic  wall  (serratus  magnus). 
Behind,  the  surgeon  finds  the  latissimus  dorsi  and  divides  it  on  a  grooved 
director.  Spurting  vessels  are  at  once  clamped  and  ligated.  The  scapulo- 
clavicular bony  belt  hangs  now  by  the  serratus  anterior,  the  trapezius,  the 
rhomboidei,  the  levator  scapulae,  and  the  omohyoid  muscle.  The  trape- 
zius is  inserted  into  the  external  third  of  the  clavicle,  the  acromion,  and 
the  spine  of  the  scapula.  It  is  now  divided  from  in  front  backward  close 
to  its  insertion.  Kocher  delays  the  division  of  the  insertion  of  the  tra- 
pezius into  the  spine  of  the  scapula  till  the  end.  Next  are  divided,  at  the 
upper  and  inner  angle  of  the  shoulder-blade,  the  levator  scapulae,  on  the 
vertebral  border,  the  thick  serratus  anterior  and  both  rhomboidei,  and, 
finally,  the  thin  omohyoid.  The  oval  wound  is  sutured  in  a  straight  line 
and  drained  behind. 

3.  Amputations  and  Exarticulations  of  the  Lower  Extremity 

For  all  amputations  and  exarticulations  of  the  lower  extremities,  we 
must  proceed  much  more  methodically  than  for  those  of  the  upper  limbs. 
In  the  latter,  it  is  generally  sufficient  to  secure  a  stump  as  long  as  possible 
and  liberally  covered  with  skin,  while  for  the  lower  limbs  we  must,  in 
addition,  make  sure  that  the  stump  will  be  able  to  bear  the  weight  of  the 
body.  Since  a  long  time,  methods  have  been  in  use  which  enabled 
the  patient,  after  amputations  or  exarticulations  in  the  region  of  the  tar- 
sus or  of  the  knee-joint,  to  walk  with  an  artificial  support  applied  directly 
on  the  stump.     Only  after  amputations  along  the  shaft  of  the  thigh  or  of 
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the  leg,  did  we  generally  give  up  the  task  of  finding  on  the  stump  a  point 
for  the  direct  application  of  an  artificial  limb.  Such  a  point  was  rather 
sought  either  on  the  tuberosities  of  the  tibia  or  of  the  ischium,  accord- 
ing to  cases.  In  amputations  of  the  leg,  the  limb  flexed  at  a  right 
angle  at  the  knee  rested  therefore  by  the  tibial  tuberosities  on  a  stilt;  in 
other  cases  of  leg  amputation,  or  of  amputation  of  the  thigh,  the  patient 
was  supported  by  the  tuberosity  of  the  ischium  resting  near  the  edge  of 
the  prosthetic  appliance.  Therefore,  in  the  latter  case,  the  patient  did 
not  stand,  properly  speaking,  on  the  artificial  limb,  but,  in  fact,  sat  on  its 
edge.  Great  credit  is  due  Bier  for  having  brought  again  to  the  front,  and 
having  given  new  interest  to,  that  question  of  the  fitness  of  the  stump  to 
carry  the  weight  of  the  body ;  and  that,  at  a  time  when  surgery  was  par- 
ticularly devoting  its  efforts  to  internal  organs  and  when  the  surgery  of 
the  extremities  was  considered  to  a  certain  extent  inferior,  or  as  having 
reached  technical  perfection.  The  views  as  to  the  way  of  obtaining  the  best 
possible  stumps  diverge  still  widely,  and  the  subject  can  only  be  touched 
upon  lightly  and  briefly  here.  Bier  covers  his  amputation  stumps  with 
bone  and  periosteum  flaps ;  Koenig-Bruns  with  skin-bone-periosteum  flaps ; 
Hirsch  advises  the  ordinary  transversal  sawing  of  the  bone  and  a  rather 
very  detailed  after-treatment,  consisting  of  massage,  baths,  and  exercises; 
Bunge  prefers  transversal  amputation  with  excision  of  a  cylinder  of  peri- 
osteum several  millimetres  wide,  and  scraping  out  of  the  bone  marrow,  be- 
cause the  former  gives  an  opportunity  for  exuberant  growth  of  periosteal 
bone,  and  the  latter  may  contribute  to  make  the  stump  painful ;  Wilms 
covers  the  stump  with  a  pad  of  muscles  and  tendons,  which  method  is  re- 
jected by  others  as-  completely  useless.  One  can  see  that  opinions  are 
diametrically  opposed.  The  later  investigation  of  amputation  stumps,  re- 
sulting from  the  most  varied  methods,  have  established  that  the  bearing 
qualities  can  be  all  that  could  be  desired,  even  if  marked  and  exuberant 
formation  of  periosteal  bone  has  occurred,  or  if  the  periosteum  and  bone 
fragment' has  become  displaced,  or  if  the  marrow  cavity  has  not  closed, 
and  also  despite  the  fact  that  the  stumps  display  conditions  which  in  the 
opinion  of  many  would  make  them  wholly  unfit  to  bear  the  weight  of  the 
body.  But  all  agree  that,  if  we  want  to  get  good  results,  no  scar  must  fall 
on  the  bearing  surface  and  that  the  stump  must  be  early  submitted  to 
pressure  and  provided  with  a  temporary  prosthetic  appliance.  Without 
entering  into  further  discussions  about  the  various  methods,  I  may  state 
here  that  Bunge's,  in  case  its  results  would  prove  permanently  good, 
would  be  the  most  worthy  of  attention,  as  being  the  simplest 

All  operations  on  toes  are  performed  under  suprarenin-novocain  local 
analgesia,  which  is  carried  exactly  in  the  same  way  as  for  fingers ;  only 
in  the  very  tough  plantar  skin  we  must  beware  of  breaking  the  needle. 
On  the  big  toe,  we  cannot  give  the  whole  injection  from  a  single  prick,  as 
is  done  on  the  finger;  therefore  we  must  prick  twice,  once  on  the  dorsum 
and  once  on  the  plantar  aspect,  and  infiltrate  from  these  two  punctures 
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rt'upectively  the  upper  and  the  lower  internal  and  external  half  circumfer- 
(.'UceH.  Anain,  but  only  after  the  infiltration  is  completed,  let  ua  apply 
K»niarck'n  banda^re  in  the  middle  of  the  leg;  or,  still,  in  operationson  the 
i)i.ttal  parts  of  the  toes,  a  thin  rubber  tube  crossing  in  figure  of  8  on  the 
<)<irHal  side  of  the  toe,  carried  around  the  tubercle  of  the  fifth  metatarsal 
Iwiiu  and  that  of  the  scaphoid,  and  finally  tied  in  the  sole.  When  analge- 
sia is  di'sirt'd  only  in  that  part  of  the  foot  situated  distal  to  a  line  pass- 
ing a  little  below  the  middle  of  the  metatarsus,  we  must  first  inject  circu- 
larly all  around  the  f(Kit,  on  the  back  and  in  the  sole,  a  little  distally  of  the 
larsometatiintal  joint  and  next  infiltrateeach  interosseous  space  separately 
from  tho  dorsal  side.  Constriction  is  absolutely  prohibited  in  case  of  vas- 
cular alU'rations,  arteriosclerosis,  and  obliterating  endarteritis;  besides, 
it  is  not  nooi'saary  in  such  cases. 
Exartieulation  of  Toea. 

Thon."  is  no  iviison  to  waste  time  with  amputations  on  the  toes.  Exar- 
tieulation is  fully  iLs  trtKKl.  Exarticulationof  single  phalanges  is  perfonned 
exactly  in  the  same  way  as  on  fingers 
(see  Fig.  IS2),  with  a  skin  flap  taken 
from  the  plantar  side.  In  exartieulation 
of  the  toes,  in  the  metatarso-phalangeal 
joint,  an  operation  which  is  very  fre- 
quently performed  for  incurvations,  in- 
flammations, or  gangrene,  we  use  with- 
out exception  an  oval  incision  beginning 
on  the  head  of  the  metatarsal  bone  and 
running  in  the  sole  at  the  level  of  the 
interdigital  fold.  The  metatarso-pha- 
lantroal  joint  can  be  easily  feltoo  the  biff 
toe.  for  the  second  and  third  toes  it  is  a 
little  distal,  for  the  fourth  toe,  it  comes 
Ktck  to  a  level  with  the  big-toe  joint, 
and  for  the  fifth,  it  is  a  little  proxinud 
to  tho  latter.  In  anch.vlosed  joints  at 
oldor  individuals,  finding  the  joint  may 
ofli'n  Iv  difficuh.  The  skin  being  wdl 
stn.^tohoii.  the  surgwtn.  with  his  left 
hand,  tloxos  tho  ivv  stn.*nirl>'  lowarvl  tho  sole,  and  divides  the  extataor 
tt'uAm  in  tho  pUi.v  w  tioi>>  ho  ovjxvts  to  lind  the  joint;  then,  with  tbe 
knifo  kept  (vn^>ndio«lar  to  tho  U^no.  ly^jrinninjr  toward  the  perii^keiy 
and  sv>iivir  lowarxl  tho  vvntr^\  ho  tri»\<  to  ivnoirate  into  the  joint.  As 
»vn  *s  iho  Liltoi-  is  oiv!«\i.  ;t  jratv-s  widoly  on  aoAxjnt  of  the  strong 
Vlaiitar  tlo\ion.  I  r.o\  or  h..ivo  hsvi  to  tio  tho  two  small  doreal  and  the  two 
sniSil  rl*"^*""  Art<'r"-*'S-  WV.on  Ajs^'oi'^S  tV.o  *ii\'ss;i^.  p:a«  a  strip  of 
jrauw  N'lwwr.  tho  s^^wrato  ;«>■!=,  Tho  d!\\-v<;:-.ir  takes  alnx^t  alv«ys  a 
J;^\v^  K^M  on  iho  tars;;s  ',x'h;v..i  tJ-.o  tv.*.viw::,\  of  tho  rifth  metaeupal 
Ivw  »«d  that  of  tho  #s-.sr-'>''>i-     li'  .ir.-.i^i'.atior.s  for  st^ni'.o  or  diabetM 
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gangrene,  beware  of  too  tight  sutures  and  dressings.     A  few  days'  rest 
and  elevation  of  the  foot  are  always  needed. 

Exarticulation  of  teveral  toem  together  in  the  metatarso-phalangeal 
joint  isperformedbymeansof  a  circular  incision  at  the  level  of  the  inter- 
digital  folds,  which  thereby  are  split  horizontally  so  that  they  are  pre- 
served and  are  utilized  forthecovering  of  the  stump  (Fig.  183).  The  cuff 
thus  formed  is  dissected  back  up  to  the  articular  line.  Then  the  toes  are 
detached  together,  beginning  by  the  big  toe.  We  may  still  add  a  longi- 
tudinal incision  on  the  back  of  the  big  and  the  small  toes,  and  thus  form 
a  smaller  quadrangular  dorsal,  and  a  lai^er  plantar  flap. 
Amputation  of  the  Foot  Through  the  Metatarsus, 
The  bases  of  the  metatarsal  bones  gi  ve  i  nsertion  to  a  number  of  muscles, 
whose  function  must  be  preserved  whenever  possible,  the  peroneus  brevis 


and  tertius  on  the  external  side,  the  tibialis  anticus  and  the  peroneus 
longus  on  the  internal  side  of  the  foot.  If  the  surgeon  disposes  of  enough 
skin  to  cover  the  stump  so  that  the  scar  will  fall  on  the  dorsal  surface,  he 
may  occasionally  resort  to  this  method.  The  mobility  of  the  resulting 
stump  is  great,  and  the  tuberosity  of  the  fifth  metatarsal  bone,  important 
for  the  balance  of  the  body,  is  preserved.  A  small  dorsal  and  a  larger 
plantar  flap  are  formed  (see  Pig,  184).  On  the  inner  and  outer  sides  of 
the  foot,  the  incision  is  somewhat  nearer  the  dorsal  side.  The  plantar 
flap  is  the  first  cut,  and  it  is  dissected  away  from  the  tendon  sheaths  and 
ihe  plantar  fascia  up  to  the  level  of  the  future  sawed  surface  of  the  meta- 
tarsus; then  the  dorsal  ilap  is  formed  in  a  similar  fashion,  the  tendons  and 
tiie  soft  parts  of  the  dorsum  and  of  the  sole  are  divided  with  a  short  strong 
amputation  knife,  then  the  interosseous  spaces  with  the  double-edged 
knife,  and  the  bones  sawed  through  with  a  frame  saw.    The  sharp  edges 
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on  the  dorsal  side  are  rongeured  away,  or  may  also  be  sawed  off  obliquely 
downward  and  forward  from  the  dorsal  side  toward  the  sole.  The  suture 
line  falls  on  the  back  of  the  foot  We  have  to  ligate  the  dorsalis  pedis 
artery  on  the  inner  border  of  the  second  metatarsal  bone,  the  internal  and 
external  plantar  arteries  on  the  corresponding  borders  of  the  muscular 
mass  of  the  big  and  of  the  little  toe,  eventually  also  the  plantar  arch,  lying 
close  to  the  plantar  side  of  the  bones  and  its  branches. 

All  methods  for  amputation  and  exarticulation  in  joints  proximally 
situated,  up  to  the  ankle-joint  aim  at:  I,  keeping  as  much  as  possible  of  the 
bones  carrying  muscular  insertions ;  II,  taking  in  the  flap  the  pressure  sur- 
faces of  the  tough  and  resistant  plantar  skin;  III,  placing  the  scar  on  the 
dorsal  side,  and,  IV,  avoiding  as  much  as  possible  shortening  the  limb. 
These  indications  cannot  always  be  wholly  fulfilled,  and  when  we  have  to 
choose,  we  place  III  and  II  s^ead  of  the  others.  Foot  injuries,  due  to 
crushing,  bums,  tuberculous  disease  and  tumors,  furnish  the  most  frequent 
indications  for  those  methods  of  operating.  Particularly  in  tuberculous 
conditions,  R5ntgen-ray  pictures  give  us  already  before  the  operation, 
clear  notions  as  to  what  bones  we  shall  be  able  to  spare,  and  we  can  at 
leisure  devise  an  exact  plan,  according  to  which  we  can  use  the  numerous 
existing  methods,  whereas  formerly  it  was  left  to  the  resourcefulness  of 
the  surgeon  to  find  or  to  devise,  from  the  findings  during  the  operation, 
that  method  which  was  the  most  suitable  and  conservative  at  the  same 
time.  But,  in  suppurative  conditions,  beware  of  complicated  operative 
techniques. 

Before  we  begin  the  study  of  these  operations,  we  must  make  a  brief 
anatomical  excursion. 

Anatomical  Data. 

Inspection  of  the  surface  and  palpation  of  the  foot  show  first  both 
malleoli,  internal  (tibial)  and  external  (peroneal),  the  latter  being  notably 
deeper  than  the  first.  Between  the  two,  in  front,  slides  the  bundle  of  dor- 
sal tendons,  farthest  internally  the  tendon  of  the  tibialis  anticus,  farther, 
externally,  that  of  the  extensor  hallucis  and  that  of  the  extensor  digitorum 
longus.  Between  the  latter  and  the  peroneal  malleolus,  the  palpating 
finger  falls  into  the  sinus  tiirsi  Ix^tween  the  astragalus  and  the  calcaneum, 
which  sinus  is  filled  distally  by  the  ^xnverf  ul  short  bellies  of  the  short  ex- 
tensors. Farther  is  soon  and  felt  on  the  outer  border  of  the  foot  a  flat- 
tened bony  prominonct\  vor>'  imix^rtant  for  tO(x>graphical  orientation, 
namely  the  tubenvsity  of  tho  fifth  metacarpal  bone.  Proximal  to  the 
latter,  we  feel  tough  andohistio  stnioturos.  which  ;ire  the  strong  ligaments 
connecting  said  tulvrosity  with  tho  ouUnd  lx>no.  WTion  these  ligaments 
have  been  dividoii.  wo  must  mxvssurily  fall  into  tho  t;urso-metatarsal  joint, 
just  proximally  of  tho  tulvn^sity  of  tho  fifth  metatarsal  bone.  On  the 
inner  border  of  tho  f^x>t,  ivrn\^iHMulin>r  to  tho  axvh  of  the  foot  a  little 
higher  than  tho  latter.  andalxMit  1  cm,  loss  pn^ximaK  wo  fool  the  flat  con- 
djioid  tubercle  of  tho  scaphoid  Ivtio,     Pistally  of  tho  latter,  the  surgeon 
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would  penetrate  in  the  joint  between  the  scaphoid  and  the  cuneiform 
bones,  proximallyinthejoint  between  the  scaphoid  and  astragalus.  Still 
farther  distally,  we  can  often  palpate  the  tarso-metatarsal  joint,  but  not 
easily  in  case  of  anchylosed  joints  in  older  individuals,  and  of  contracted 
feet,  so  that  it  is  not  completely  superfluous  to  recall  the  rule,  namely,  to 
look  for  that  joint  about  a  thumb's  breadth  distally  from  the  tubercle  of 
tiie  scaphoid  bone.  If,  on  the  outer  side,  it  is  easy  to  feel  the  metatar- 
so-phalangeal  joint,  it  is  here  difficult  to  locate  the  joint  between  calcaneum 
and  cuboid,  and  we  must  also  be  content  here  with  looking  for  it  just 
about  a  thumb's  breadth  proximally  of  the  tuberosity  of  the  fifth  meta- 
tarsal bone.  A  prominence  often  dis- 
tinctly felt  on  the  external  surface  of  the 
calcaneum,  below  the  peroneal  tendons 
indicates  that  we  must  go  forward  about 
2  cm.  But  let  us  take  as  a  general  rule 
that  the  joint  between  the  astragalus  and 
calcaneum  on  one  side,  and  the  scaphoid 
and  cuboid  on  the  other  side,  the  so- 
called  Chopart's  joint  of  surgeons,  is 
best  exposed  beginning  on  the  inner 
border  of  the  foot,  and  going  toward  the 
outer  border;  that,  inversely,  the  expos- 
ure of  the  joint  between  the  cuneiforms 
and  the  cuboid  on  one  side,  and  the 
metatarsal  bones  on  the  other  (Lis- 
franc's  joint),  is  best  undertaken  from 
the  external  border  of  the  foot  toward 
the  internal  border;  because  then  in 
each  case  we  start  from  a  well-deter- 
mined point,  and  do  not  have  to  trust  such 
indefinite  measurements  as  a  thumb's 
breadth.  If  now  we  study  a  foot  on 
a  horizontal  section  {see  Fig.  185),  we 
see  that  two  articular  lines  extend  completely  across  the  transversal 
diameter  of  the  foot,  while  another  extends  from  the  inner  border  only 
across  two-thirds  of  this  same  diameter.  This  means  that  the  cuboid  on 
the  external  side  occupies  as  much  space  as  the  scaphoid  and  the  cunei- 
forms together  on  the  inner  side.  Consequently,  if  we  penetrate  in  the 
joint  just  distal  of  the  scaphoid  bone,  we  find  that  the  articular  line  stops 
midway  and  that  we  are  in  the  wrong  place.  The  other  two  articular 
lines  have  a  very  characteristic  course  imposed  by  the  shape  of  the  bones 
limiting  them.  The  head  of  the  astragalus  is  convex,  the  corresponding 
surface  of  the  scaphoid  is  concave,  the  articular  surface  of  the  calcaneum 
for  the  cuboid  is  slightly  concave,  the  corresponding  surface  of  the  cuboid 
slightly  convex.  Hence,  on  a  horizontal  section,  this  Chopart's  joint  shows 
a  characteristic  flattened  S  curve. 
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The  line  of  the  tarsometatarsal  joint  (L^franc's)  is  on  this  horizontal 
section  just  m  characteristic.  In  the  whole,  it  is  slightly  convex  distally, 
but  is  on  the  inner  side  of  the  foot  notably  farther  distally  than  on  the 
outer  side,  and  is  broken  by  the  receding  of  the  second  metatarsal  bone, 
that  is,  of  the  joint  between  the  second  cuneiform  and  the  second  meta^ 
tarsal  bone  (Fig.  185). 

TarsO'Metataraal  Exarticulation  (Lufranc) . 

Incision  (Fig.  186)  passing  transversely  on  the  back  of  the  foot  from 
the  tuberosity  of  the  fifth  metatarsal  to  the  first  metatarso-phalangeal  joint 
—both  places  can  be  marked  beforehand  by  a  knife  stab — and  dividing 


Fill.  IfW. 


8kin.  ftisoiii.  Hud  ti.>ndi>ns  down  to  the  Ih^ii^  (the  i^atient  lies  so  on  the 
tahlo  tliHt  his  f*»>t.  up  to  alMno  tbo  inalKMlar  rtjrion.  overhangs  the  edge 
of  tho  tiibhO  :  tbo  Um'I  h:ind  itf  tbo  surjrtvn  grasj»s  the  anterior  part  of  the 
fiV^t.  and  rtexi's  it  stn'njrly  towanl  the  sole.  A  wlid  bone  knife  enters 
just  pmximally  ol"  the  tubonxfity  of  the  Iifth  metatarsal,  the  oblique,  and 
stiirhtly  oiinvex  lonvanl.  articular  spsuv-  Tho  thrw  articular  surfaces  of 
(he  Iifth.  fourth,  and  thin!  n>etatai-s:»l  K>nes.  tho  fourth  and  fifth  articu- 
lalinjr  with  the  eiiKMd  and  the  thii\l  with  the  third  (outermost)  cunei- 
fonii.  aiv  oaivfuUv  noted.  Theai-tionlarlinelvtwtvn  the  first  metatarsal 
and  the  tiivt  unnennivt^  euneilonn  is  alm.\*t  exaoily  in  the  prolongstifMi 
inwaixl  of  the  oilier  artieular  line.  The  knife  is  r.iv:  pUivd  here  trans- 
vei-sely  and  this  joint  openi\l  (Ki)j:,  1S7>.  Thei^  we  know  well  that  the 
ailieulat  .on  Ivtwtvn  the  se.>iiid  ir.etatai"s;»l  ar.ii  the  second  (middle)  conei- 
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form  is  a  little  proximal  to  the  one  we  have  just  opened,  and  the  knife, 
feeling  its  way,  opens  it  by  a  transversal  incision;  then  the  plantar  flexion 
is  still  exaggerated  so  as  to  bring  into  view  the  plantar  ligaments.  The 
latter  are  also  severed  and  peeled  off,  so  to  speak,  from  the  base  of  the 
fifth  metatarsal.  Directly  under  the  plantar  surface  of  the  metatarsal 
bones  (the  first  and  flfth  are  the  two  projecting  most  toward  the  sole) 
an  amputation  knife  is  placed,  blade 
horizontal,  cutting  edge  directed  toward 
the  periphery  (the  operator  being  to  the 
left  side  of  the  limb),  and  a  long  flap 
containing  all  the  soft  parts  of  the  sole 
is  cut  It  is  not  necessary,  but  it  is  very 
convenient,  to  map  out  the  limit  of  the 
flap  by  an  incision  along  the  inner  or 
outer  edge  of  the  first  or  fifth  metacarpal 
bones;  and  it  is  dangerous  to  make  too 
soon  the  transversal  cut  in  the  sole,  as 
all  beginners  make  their  flaps  regularly 
too  short.  It  must  reach  almost  to  the 
toes.  The  soft  parts  to  be  divided  are 
stretched  by  lifting  the  part  of  the  foot 
that  is  to  fall,  while  an  assistant  presses 
down  the  remaining  part  on  the  under- 
lying plane;  thus  the  incision  falls  by 
itself  exactly  on  the  middle  part  of  the 
internal  and  external  borders  of  the  foot 
respectively.  From  time  to  time,  the 
surgeon  tries  the  flap  to  see  if  it  is  long 
enough  to  cover  the  bone  stump  without 
stretching,  and  when  he  believes  the  flap 
long  enough — this  advice  is  particularly 
intended  for  beginners — he  cuts  still  a 
little  longer  and  then  comes  out  slightly 
obliquely  toward  the  sole,  so  that  the  an- 
terior edge  of  the  flap  is  somewhat  bev- 
elled. As  important  vessels  to  Ugate, 
we  have  only  the  dorsalis  pedis  artery, 
as  the  internal    and    external  plantar 

arteries  remain  in  the  sole  flap  and  only  their  small  terminal  branches 
are  severed.  The  flap  is  exactly  sutured  without  tension,  except  for  two 
small  slits,  one  at  each  angle  of  the  wound,  in  which  is  inserted  a  drain- 
age-tube, which  must  be  left  there  three  or  four  days.  L^franc's  ex- 
articulation  gives  very  movable  stumps,  as  the  anterior  tibial  muscle 
with  its  tendinous  expansion  inserted  into  the  internal  cuneiform  and 
the  peroneus  brevis  are  preserved,  and  the  plantar  flexors  maintain  at 
least  partially  the  balance.    If  we  desire  to  preserve  the  tendons  of  the 


Fig.  187. 
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extensor  hallucis  and  extensor  digitorum  tongus  and  attach  them  by 
sutures  to  the  plantar  periosteum  or  to  the  severed  articular  ligaments 
of  the  second  and  third  cuneiform,  we  must  divide  them,  not  level 
with  the  skin  incision,  but  3  or  4  cm.  farther  distally,  so  as  to  keep  the 
necessary  length.  The  dressing  must  reach  up  to  the  knee,  and  to  it  is 
added  a  hardening  bandage  which,  beginning  on  the  calf,  passes  on  the 
front  of  the  stump  and  ascends  longitudinally  up  to  the  tuberosity  of  the 
tibia,  then  is  fixed  up  there  by  a  few  circular  turns,  and  next  is  wound 
from  the  knee  down  in  centrifugal  spires  around  the  leg.  Such  a  bandage 
holds  the  stump  in  strong  dorsal  flexion.     After  ten  or  fourteen  days. 


tight  bandages  are  removed  and  the  patient  begins  diligently  exercises 
especially  in  dorsal  flexion. 

Medio-Taraal  Exarticulation  of  the  Foot  (Chopart). 

Position  same  as  for  the  Li-iifranc.^  The  foot  being  flexed  at  a  right 
angle,  incision  (Fig,  188)  on  the  dorsal  aspect,  slightly  convex  forward 
(distally)  beginning  on  the  tubercle  of  the  scaphoid  bone  and  running  to 
a  point  about  a  thumb's  breadth  proximal  to  the  tuberosity  of  the  fifth 
metacarpal  bone  and  distal  to  the  prominence  which  is  found  on  the  ex- 
ternal surface  of  the  calcaneum :  the  incision  divides  skin,  fascia,  and  ten- 
dons, and  reaches  the  bone.  This  incision  is  situated  somewhat  distally 
of  the  articular  line.  According  to  Koclier's  teaching.  1st,  detachment  of 
a  periosteal  and  ligamentous  flap  from  the  upper  surface  of  the  scaphoid 

'The  reader  will  pardon  the  expressions  "I.i:<franc."  "Chopart,''  "Syme,"  etc., 
instead  of  tarso-metatarsal  exarticulation  of  the  foot  after  Liafranc.  etc. 
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and  of  the  cuboid,  by  means  of  "peeling"  knifestrokes,  in  order  to  obtain 
some  material  for  the  implantation  of  the  dorsal  tendons ;  2d,  penetration 
into  the  joint,  at  first  on  the  inner  side,  proximally  of  the  tuberosity  of  the 
scaphoid ;  3d,  following  of  the  S-shaped  articular  line  from  the  inner  to  the 
outer  end,  the  part  of  the  foot  to  be  detached  being  meanwhile  strongly 
flexed  toward  the  plantar  side  (Fig.  189) ;  4th,  severing  of  the  plantar 
articular  ligaments,  until  the  distal  part  of  the  foot  gives  way  down- 
ward and  can  be  placed  at  a  right  angle  with  the  proximal ;  6th,  placing 
of  an  amputation  knife  in  the  sole,  as  for  a 
Lisfreme,  and,  keeping  always  close  to  the 
bone,  carving  of  a  plantar  flap,  the  length  of 
which  is  tested  from  time  to  time.  It  must 
at  least  reach  to  the  heads  of  the  metatarsal  - 
bones.  The  tendons  of  the  anterior  tibial,  of 
the  extensor  hallucis  longus,  of  the  extensor 
digitorum  longus,  and  of  the  peroneus  brevis 
are  sutured  with  silk  to  the  dorsal  periosteal 
strips,  while  an  assistant  holds  the  stump  in 
strong  dorsal  flexion.  We  have  to  ligate  the 
same  vessels  as  for  a  L^fraTic.  Exact  coap- 
tation except  in  the  angles.  Drainage  as 
above.  The  dressing  is  applied  as  for  a  Lis- 
franc;  while  it  is  done,  the  knee  is  flexed  at 
a  right  angle  so  as  to  relax  the  tendo  Achillis, 
the  stump  is  held  by  an  assistant  in  strong 
dorsal  flexion  and  the  dextrin  bandage  turns 
are  carried  from  the  dorsal  to  the  anterior 
side  of  the  limb.  This  way  of  applying  the 
dressing  is  sufficient,  even  when  no  tendon 
implantation  has  been  made,  to  prevent  the 
plantar  flexion  often  observed  afterward  (by 
retraction  of  the  tendo  Achillis)  and  also  to 
secure  a  slight  dorsal  flexion  movement,  as 
often  the  tendons  adhere  spontaneously  to  the 
dorsal  bones.  But  grafting  the  tendons  is 
still  a  better  method  to  obtain  good  results. 
Already  after  ten  or  twelve  days,  the  patients 

must  attempt  to  flex  the  stump  dorsally,  and  diligently  exercise  in  this 
direction.  In  the  worst  cases,  where  an  eguinus  position  develops,  the 
tendo  Achillis  should  be  tenotomized,  or  lengthened  in  the  manner 
described  farther  below.  In  case  of  necessity,  an  attempt  to  stiflfen  the 
joint  in  a  good  position  by  means  of  injections  of  tincture  of  iodin  or 
freshening  of  the  articular  ends  of  the  tibia  and  astragalus  (arthrodesis) 
is  justified. 

BoTia's  exarticulation    holds    the    middle    between    Chopart's   and 
L^franc's.     It  is  partly  an  exarticulation  through  the  scapho-cuneiform 


Fig.  189. 


166  OPERATIONS  ON  THE  EXTREMITIES 

joint,  partly  an  amputation  through  the  cuboid  in  the  prolongation  of  the 
same  articular  line.  The  technique  of  the  method  of  operating  put  for- 
ward by  Bona  will  be  readily  understood  from  what  has  just  been  said. 
Those  who  in  a  Lisfranc  have  wandered  by  mistake  into  the  articular 
line  between  the  first  and  second  cuneiform  and  the  scaphoid,  and  have 
thus  extirpated  the  first  cuneiform  will  be  compelled  to  resort  to  that 
operation.  Only  the  insertion  of  the  posterior  tibial  muscle  is  added  to 
those  left  by  a  Chopart,  but  the  stump  is  a  little  longer.  Whoever  wants 
to  select  Bona' 8  method  from  the  start  will  find  the  articular  line  on  the 
inner  border  of  the  foot  distally  of  the  tubercle  of  the  scaphoid. 

Exarticulation  of  the  F€}ot  Below  the  AMtragaluM  (sub-astragalian). 

According  to  Koenig,  this  operation  has  been  performed  by  LigneroUe, 
Textor,  and  Malgaigne;  in  1897,  Bayer  recommended  it  anew  for  a  few 
rare  cases.  The  direction  of  the  incision  will  be  in  most  cases  deter- 
mined by  the  remaining  healthy  soft  parts  fit  to  bear  the  weight  of  the 
body.  In  his,  a  case  of  gangrene  due  to  cold,  in  which  the  whole 
anterior  part  of  the  foot  has  been  destroyed,  Bayer  first  exarticulated 
through  ChoparVs  joint,  then  shelled  out  the  lower  part  of  the  calcaneum 
from  the  soft  parts  of  the  heel  and  sawed  it  off  along  a  curved  line,  leav- 
ing in  place  the  astragalo-calcaneal  joint.  Koenig  advises  in  the  very  rare 
suitable  cases— the  astragalus  must  be  known  to  be  healthy  and  there 
must  be  enough  skin  of  the  sole  to  cover  the  stump — to  make  a  dorsal 
incision  as  for  a  Chopart,  but  to  make  the  plantar  incision  completely 
transversal  at  the  level  of  C/iopar^s  articulation:  then,  following  Gim- 
ther's  advice,  to  make  at  the  level  of  the  astragalo-calcaneal  joint  a  hori- 
zontal incision  directly  backward  and  from  this  incision,  to  penetrate 
into  the  latter  joint,  chiefly  to  divide  the  interosseous  ligament  between 
the  astragalus  and  os  calcis.  Then  the  foot,  together  with  the  latter  bone, 
is  rotated  outward  and  the  calcaneum  is  shelled  out  from  the  soft  parts 
of  the  heel  by  means  of  knife  strokes  given  always  very  close  to  the 
bone.  Kocher's  racket-shaped  incision  meets  these  requirements  almost 
exactly.     The  shortening  is  small,  the  stump  bears  well  the  weight  of  the 

body. 

Osteoplastic  Amputation  of  the  Foot  after  Pirogoff. 

This  operation  is  applicable  in  cases  of  diseased  astragalus  with 
healthy  postero-inf  erior  half  of  the  os  calcis.  Pirogoffs  original  method  in 
which  the  bone  was  sawed  vertically  and  its  posterior  half  (tuberosity) 
was  rotated  90°  and  placed  in  apposition  with  the  transversely  sawed 
tibia  and  fibula,  and  the  patient  had  to  walk  on  the  little  resistant  heel 
skin,  is  always  preferred  still  by  many  surgeons  (Kocher).  We  have 
always  used  the  operation  as  modified  by  Btisk  (Guntket')  (see  Fig.  190). 

Stirrup-shaped  incision  beginning  on  the  anterior  border  of  both 
malleoli,  descending  vertically  and  crossing  the  sole  perpendicularly  at 
the  level  indicated  on  Fig.  190  by  a  dotted  line.  The  incision  is  carried 
down  to  the  bone.  Its  upper  ends  are  united  across  the  back  of  the  foot 
by  a  semicircular  flap  incision,  convex  distally.     The  left  hand  grasps 
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the  foot  and  flexes  it  a  little  toward  the  sole.  The  ankle-joint  is  opened 
from  in  front  after  section  of  the  dorsal  tendons :  then  the  knife  carried 
in  a  direction  parallel  with  the  articular  surfaces  divides  the  lateral  parts 
of  the  capsule  and  the  astragalo-calcaneo-peroneal  articular  ligaments 
close  to  their  insertion,  the  foot  being  meanwhile  in  strong  internal  rota- 
tion and  plantar  flexion.  The  same  is  repeated  on  the  internal  side,  the 
internal  part  of  the  capsule,  and  the  astragalo-tibial  articular  ligaments 
are  divided,  the  foot  being  in  outward  rotation;  next,  the  foot  is  forcibly 
flexed  and  the  posterior  part  of  the  capsule  is  divided.  Now  we  see  dis- 
tinctly the  posterior  process  of  the  calcaneum  and,  forward,  the  process 
by  which  the  latter  bone  articulates  with  the  cuboid.  While  an  assistant 
draws  backward  and  downward  the  heel  flap,  and  with  his  left  hand 
immobilizes  the  foot  in  strong  plantar  flexion,  the  surgeon  introduces  a 


hand-saw  behind  the  posterior  process  of  the  calcaneum  and  saws  straight 
through  the  bone  in  the  direction  of  the  plantar  extremity  of  the  calcaneo- 
cuboidal  joint;  this  sawing  is  effected  on  the  right  foot  from  the  inner 
toward  the  outer  side,  and  on  the  left  foot  from  the  outer  toward  the 
inner  side.  Whatever  soft  parts  still  adhere  to  the  end  of  the  calcaneum 
to  be  removed  are  cut  directly  on  the  bone.  Now  all  the  soft  parts  of  the 
heel,  together  with  the  calcaneum,  are  thrown  backward  and  both  malleoli 
and  the  lower  ends  of  the  tibia  and  fibula  are  thoroughly  denuded  and 
all  soft  parts  scraped  off  them,  the  denudation  going  a  little  higher  up 
on  the  posterior  surfaces  of  the  bones  than  on  the  anterior.  If  one  keeps 
the  knife  always  directed  toward  the  bone,  it  is  impossible  to  injure  the 
arteries  supplying  the  flap,  namely,  the  posterior  tibial  and  the  peroneal. 
The  heel  flap  being  well  protected,  the  surgeon  next  detaches  with  a 
frame  saw  the  articular  surface  of  the  tibia  together  with  the  malleoli, 
by  sawing  backward  and  upward  so  that  more  of  the  posterior  surface 
falls  than  of  the  anterior,  where  a  little  of  the  cartilaginous  surface 
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may  be  left  The  sawed  surfaces  of  the  os  calcis  and  the  tibia  fit  to- 
gether so  that  the  skin  of  the  sole  remains  the  bearing  surface  of  the 
body. 

To  prevent  the  calcaneum  from  slipping  backward,  we  may  with  a 
metallic  hammer  drive  a  nail  firmly  from  the  skin  of  the  sole  through  this 
bone  and  into  the  tibia;  the  skin  is  previously  stabbed  with  a  pointed 
knife  and  a  canal  is  bored  through  the  calcaneum  with  a  gimlet,  a  drill, 
or  Stille's  perforator.  Exact  suture,  dressing  with  a  hardening  bandage 
up  to  above  the  knee,  the  latter  joint  being  extended.  The  nail  is 
removed  when  the  dressing  is  first  changed  on  the  eighth  day :  a  slipping 
back  of  the  calcaneum  is  not  to  be  feared  then. 

Recently,  Kuster  has  reconmiended  again,  when  the  ankle-joint  is 
healthy,  and  also  the  os  calcis,  to  set  the  latter  bone  in  the  fork  formed  by 
the  malleoli. 

Pasquier-L^ort  saw  the  calcaneum  and  the  tibia  and  fibula  horizon- 
tally. 

Exarticulation  of  the  F€}ot  after  Syme. 

When  the  tarsus  is  diseased  and  the  soft  parts  of  the  heel  are  sound, 
but  only  then,  Syme's  amputation  just  above  the  malleoli  is  still  some- 
times undertaken. 

Incision  running  transversely  across  the  back  of  the  foot  from  the  tip 
of  one  malleolus  to  that  of  the  other.  Stirrup-shaped  incision  through 
the  soft  parts  of  the  sole,  down  to  the  bone,  and  also  going  directly  from 
the  tip  of  a  malleolus  to  the  other.  Section  of  the  dorsal  tendons  at  the 
level  of  the  ankle-joint  and  penetration  into  the  latter  as  for  a  Pirogqff^ 
detachment  from  the  bone  of  the  lateral  joint  ligaments,  by  "peeling" 
knife-strokes.  The  stump  being  held  in  strong  plantar  flexion,  division 
of  the  posterior  part  of  the  articular  capsule.  The  foot  being  constantly 
more  and  more  flexed  in  the  same  direction  and  strongly  drawn  down- 
ward at  the  same  time  (Fig.  191),  semicircular  strokes  always  given 
with  a  bone  knife  perpendicularly  to  the  long  axis  of  the  calcaneimi 
"peel"  the  body  and  the  tuberosities  of  this  bone  from  the  soft  parts. 
The  cutting  edge  of  the  knife  must  always  be  turned  toward  the  bone. 
This  tiresome  work  must  be  made  carefully  so  as  to  avoid  woimding  the 
bloodvessels,  otherwise  gangrene  would  threaten  the  flap.  Ligation  of 
the  dorsalis  pedis  and  posterior  tibial  arteries.  The  cap  of  soft  parts  of 
the  heel  is  then  thrown  backward  and  upward,  so  as  to  denude  the 
malleoli,  as  in  Pirogoff's  operation,  and  to  be  able  to  saw  off  the  latter 
level  with  the  articular  surface  of  the  tibia.  It  is  not  necessary  (Bier) 
to  remove  the  cartilage.  The  cut  end  of  the  extensor  tendons  are  sutured 
to  the  soft  parts  of  the  plantar  flap,  a  drain  is  inserted  outward  and  back- 
ward through  a  small  incision  made  near  the  tendo  Achillis  and  the  heel 
flap  carefully  stitched  to  the  dorsal  flap. 

The  dressing  is  applied  loosely  so  as  not  to  make  worse  the  already 
scanty  blood-supply  of  the  heel  flap ;  the  latter  takes  a  long  time  to  shrink^ 
the  size  of  the  wound  cavity  is  not  favorable  to  quick  healing,  tendon 
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necrosis  is  not  unfrequently  observed,  especially  in  case  of  imperfect 
asepsis. 

Samter  has  realized,  in  three  young  individuals,  a  sort  of  Syme  ampu- 
tation stump  with  a  bridge-shaped  flap  taken  from  the  posterior  aspect  of 
the  leg,  but  left  attached  to  an  anterior  pedicle  and  slung  over  the  tibial 
and  peroneal  articular  surfaces  after  removal  of  the  malleoli.  The  skin 
defect  of  the  leg  is  left  to  heal  by  granulation.    The  stumps  were  very 


Pic.  191. 


resistant  to  pressure.  A  general  rule  can  hardly  be  drawn  from  those 
cases.  An  attempt  to  preserve  in  this  way,  in  growing  individuals,  the 
epiphyseal  cartilage,  in  the  absence  of  skin  that  would  make  a  suitable 
covering  according  to  usual  principles,  is,  of  course,  always  justified. 

Ampatation  of  tke  Leg, 

Nowadays  we  make  the  stump  as  long  as  possible,  while  in  former 
times  surgeons  amputated  the  limb  in  the  £o-called  place  of  election,  just 
below  the  tuberosity  of  the  tibia,  and  made  their  patients  carry  a  knee- 
stilt  resting  on  said  tibial  tuberosity.    The  main  point  is  that  the  stump 
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should  be  resistant  to  pressure  (see  above) .  The  conservation  of  the  leg 
flexors,  biceps,  semitendinosus,  semimembranosus,  gracilis,  is  very  im- 
portant from  a  cosmetic  as  well  as  from  a  functional  standpoint  In  the 
following;  pages  I  shall  describe  the  most  usual  methods,  without  entering 
into  any  further  critical  discussion. 

Amputation  with  Skin-and-Perio*team  Flap*. 
This  method,  already  used  by  Koenig  for  decades,  is  often  called  v. 
Bruns'  method  (Fig.  192).  The  larger  anterior  flap  is  made  somewhat 
wider  than  the  half  circumference  of  the  limb  and  almost  as  long  as 
the  limb  is  thick.  The  surgeon  traces  first  the  lateral  incisions  through 
skin  and  subcutaneous  tissue  and 
unites  their  distal  ends  by  an  an- 
terior transversal  incision  which  on 
the  anterior  surface  of  the  tibia 
divides  the  fascia  and  the  perios- 
teum, while  in  the  other  points  it 
divides  only  the  skin  and  subcutane- 
ous tissue  and  stops  at  the  fascia. 
Dissection  of  the  comeirs  of  the  flap 
till  the  anterior  or  internal  tihisl 
crest  is  reached.  Incision  of  the 
periosteum  on  both  these  crests 
and  careful  raising  of  the  same  by 
means  of  elevators.  The  skin  and 
periosteum  flap  is  lifted  up,  the 
bundles  of  connective  tissue  uniting  the  fascia  and  the  subcutaneous  tissue 
are  divided  on  both  sides  of  the  tibia  by  strokes  of  the  knife  (cutting 
edge  turned  toward  the  fascia),  the  periosteum  incised  on  both  tibial 
crests  and  lifted  away  from  the  bone  with  elevators,  till  the  base  of  the 
flap  is  reached.  The  posterior  flap  is  made  about  half  as  long  as  the 
anterior  and  contains  only  the  skin  and  subcutaneous  tissue.  Eversion  of 
the  flap  upward  and  section  of  the  remaining  soft  parts  a  little  distally 
of  the  base  of  the  flap  with  a  long  amputation  knife  (in  the  interosseous 
space,  with  a  double-edged  knife).  The  fibula  is  denuded  up  to  a 
higher  level  than  the  tibia,  a  long  strip  of  gauze  is  introduced  in  the 
interosseous  space,  another  placed  outside  of  that  space  retracts  the  soft 
parts  upward.  Sawing  of  the  fibula  with  the  hand-saw,  about  2  or  3  cm. 
above  the  place  where  the  tibia  itself  will  be  sawed.  The  latter  is  sawed 
with  a  frame  saw.  By  using  a  narrow  blade,  one  can  easily  saw  alonga  line 
convex  downward  and  in  such  a  way  as  to  leave  at  first  more  bone  on  the 
anterior  edge  than  on  the  posterior  surface.  If  now  we  saw  from  the 
sawed  surface  backward  (see  Fig.  192,  the  small  sketch  on  the  right), 
we  obtain  the  shape  of  a  flat  roof  and  avoid  sharp  projecting  bony  ridges. 
Whatever  bone  spicules  may  still  be  left  are  nipped  off  with  Luer's 
rongeur.  Ligation  of  the  anterior  and  posterior  tibial  and  peroneal 
arteries  (see  Ligations,  p.  132  and  following),  treatment  of  the  muscular 
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stumps  as  said  before.  Suture  of  the  skin  after  the  comers  of  the  flap 
have  been  slightly  rounded,  drainage  from  the  inner  and  outer  angles  of 
the  wound,  removed  after  3  or  4  days.  Dressing  reaching  up  to  the 
middle  of  the  thigh,  the  knee  being  extended,  with  a  splint  of  poplar 
wood,  bent  so  as  to  pass  from  the  outer  to  the  inner  side  of  the  limb, 
and  extending  the  stump.     The  latter  is  propped  on  soft  cushions. 

Sometimes  the  anterior  skin-and<periosteum  flap  is  made  to  include 
also  a  flat  piece  of  bone  taken  from  the  internal  side  of  the  tibia.  But 
this  method  needs  no  further  explanation  (Cf.  Storp,  Deutsche  Zeit- 
aehriftf.  Chirurgie,  p.  556),  as  it  gives  nothing  more  than  Bier'*  method 
of  amputation  now  to  be  described. 

Cutting  of  a  large  skin  flap  from  the  antero-intemal  (also  from  the 
antero-external)  side  of  the  leg  (Pig.  193).  Incision  begins  a  thumb's 
breadth  internally  of  the  anterior  tibial  crest  and  ends  on  the  opposite 


Fig.  193. 


side  (Fig.  193,  I) ;  or  it  begins  three  finger's  breadth  externally  of 
the  same  tibial  crest  and  ends  similarly  on  the  opposite  side.  The 
flap  is  tongue-shaped  and  as  long  as  the  limb  is  wide.  It  is  formed  by 
the  skin  and  fatty  tissue  and  is  folded  upward  (Fig.  193,  II).  On  the 
inner  aspect  of  the  tibia,  the  surgeon  traces  an  incision  limiting  a 
fascia-and-periosteum  flap  with  pedicle  on  its  upper  side,  and  long 
enough  to  cover  the  tibia  and  fibula  and  still  overlap  a  little  on  all 
sides  the  bone  flap  now  to  be  formed  with  Bier's  saw  (modification  of 
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HelfericWs  saw,  see  page  77).  The  blade  of  the  saw  must  measure  at 
most  3  mm.  from  the  points  of  the  teeth  to  the  back;  this  blade  is 
adjusted  almost  perpendicularly  to  the  plane  of  the  frame,  the  bone  is 
first  sawed  transversely  to  about  a  depth  of  2  mm. ;  for  this  the  frame 
is  lowered  toward  the  knee;  then  progressively  this  frame  is  inclined 
more  and  more  toward  the  foot  until  the  blade  lies  parallel  with  the 
surface  of  the  tibia  and  a  thin  plate  of  bone  is  formed,  almost  as  long  as 
the  fascia-and-periosteum  flap  that  has  been  previously  outlined  by 
incisions  (Fig.  193,  III).  Finally,  the  frame  of  the  saw  is  still  more  low- 
ered and  the  base  of  the  bone  flap  is  sawed  through,  the  blade  coming 
out  directed  obliquely  upward.  Then  a  periosteal  elevator  is  inserted  in 
the  line  of  sawing  at  the  point  of  the  flap  and  the  last  remaining  bridge 
of  bone  is  broken  by  light  lifting  movements.  Any  projecting  sharp 
ends  are  carefully  removed  with  the  rongeur.  Then  amputation  of  the 
leg  level  with  the  base  of  the  skin  flap  by  means  of  a  circular  inci- 
sion, sawing  of  the  tibia  (first)  and  of  the  fibula  (last)  a  few  millimetres 
above  the  base  of  the  bone  flap,  so  that  the  latter  may  be  hinged  over  the 
sawed  surfaces  without  stretching  the  periosteum.  Then  the  periosteum 
of  the  flap  is  sutured  with  the  fasciae  and  tendons  of  the  surface  of  am- 
putation and  with  the  periosteum  of  the  tibia  and  fibula;  the  skin  flap  is 
turned  over  the  surface  of  section  and  stitched  (Fig.  193,  IV). 

Hirsch*s  Method. 

Hirsch  covers  the  bone  stump  with  skin  only,  but  in  such  a  way  that 
the  scar  does  not  fall  on  the  weight-bearing  surface,  and  saws  the  bone 
horizontally.  The  resistance  to  pressure  is  then  attained  by  the  follow- 
ing complicated  after-treatment. 

A  wooden  frame  is  placed  in  the  bed  against  the  transversal  bars  of 
the  foot  end.  The  patient  must—at  first  three  times  a  day,  then  four 
times  a  day,  then  every  two  hours,  finally  every  hour — push  for  five  or  ten 
minutes  the  stump  wrapped  in  cotton  against  said  wood  frame  at  first 
with  moderate,  later  with  greater  strength. 

After  each  such  treatment,  energetic  free  exercising  for  two  or  four 
minutes,  flexion  and  extension  of  the  knee  and  hip  joints. 

Twice  daily  dry  massage  of  the  stump  with  increasing  pressure,  fol- 
lowed by  a  few  minutes'  massage  with  2![  salicylic  acid  in  olive  oil. 
After  the  massage,  dressing  of  the  stump  with  cotton  and  a  gauze  band- 
age. 

Every  evening,  bathing  of  the  stump  in  a  warm  sodium  carbonate 
bath. 

Between  treatments  always  rest  in  l>ed  with  stump  elevated.  Finally, 
standing  up  exercises  on  a  bag  of  oi\ts'  chatf.  at  first  on  both  legs,  later 
on  the  stump  alone. 

If  with  this  treatment  the  stump  has  become  painless,  a  prosthetic 
apparatus  is  applied,  at  first  a  toniixM-ary  model  later  a  permanent  which 
takes  its  resting  points  on  the  end  surface  only,  and  not  also  on  the  lateral 
surfaces  of  the  stump. 
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Bung€*a  Method. 

Amputation  with  a  large  anterior  and  a  smaller  posterior  flap.  The 
periosteum  of  the  tibia  is  incised  circularly,  pushed  away  distaUy  and 
the  tibia  sawed  through  2  or  3  mm.  below  this  periosteal  incision.  Next 
the  marrow  is  also  scraped  off  for  a  depth  of  2  or  3  mm. ,  so  that  the  stump 
end  of  the  bone  is  formed  only  by  bone  without  periosteum  or  marrow. 
The  periosteal  denudation  is  intended  to  do  away  with  the  danger  of 
development  of  periosteal  exuberant  proliferations,  the  scooping  out  of 
the  marrow,  the  danger  of  a  painful  marrow  scar.  Sometimes  the  stump 
is  laid  against  a  wooden  case  placed  hear  the  foot  end  of  the  bed.  After 
two  weeks  a  temporary  prosthetic  appliance  must  already  be  adjusted  on 
the  stump.  I  have  myself  constructed  swth  an  appliance,  in  a  manner 
similar  to  that  of  Bunge's,  with  a  stick  of  light  wood  about  as  thick  as  a 
broomstick.  At  a  certain  distance  of  its  upper  extremity  a  few  nails 
are  driven  perpendicularly  through.  The  amputation  stump  is  wrapped  up 
in  a  knitted  stocking,  and  on  the  stump  end  comes  a  thin  piece  of  soft  and 
fine  felt  about  5  or  6  cm.  in  diameter.  The  stick  of  wood  neatly  sawed 
transversely  is  placed  vertically  and  adjusted  on  the  leg  exactly  in  the 
prolongation  of  the  tibia  by  means  of  plastered  bandages:  tho  nails 
driven  in  the  wood  give  to  the  latter  a  firm  hold.  Two  strips  of  an  elas- 
tic fabric,  such  as  that  used  for  suspenders,  are  plastered  in  the  appli- 
ance, and  attached  above  the  knee  to  a  sort  of  garter  which  prevents  the 
stilt  from  falling.  The  latter  can  be  taken  oflf  very  easily  for  cleaning 
and  massaging  the  stump,  and  put  back  again  after. 

Wilms'  Method  {Marcellin  Duval). 

In  low  amputations  of  the  leg,  Wilms  frees  the  tendo  Achillis  as  far 
down  as  possible,  turns  it  over  the  transversely  sawed  tibia  (the  fibula  is 
sawed  off  2  cm.  higher),  and  stitches  it  to  the  periosteum  of  the  anterior 
part  of  the  tibia  and  the  stumps  of  the  extensor  tendons.  According  to 
Wilms*  experience,  we  need  not  pay  any  particular  attention  to  the  posi- 
tion of  the  scar,  which  may  fall  on  the  pressure-bearing  surface.  After- 
treatment  following  Hirsch's  method.  If  the  tendo  Achillis  heals  firmly, 
the  gastrocnemius  will  add  its  strength  to  that  of  the  preserved  flexors 
of  the  leg. 

Indications  will  be  found  occasionally  to  use  all  these  methods  ,*  and 
perhaps  also  a  stump  not  resistant  to  pressure  may  sometimes  be  made  re- 
sistant by  Hirsch's  after-treatment. 

Exarticulation  of  the  Leg. 

Simple  exarticulation  through  the  knee-joint  seems  to  have  somewhat 
fallen  into  disfavor  in  the  past  decade,  and  perhaps  unjustly;  at  least 
Bier  claims  that  it  gives  just  as  good  and  well  weight-bearing  stumps  as 
all  of  its  substitute  operations.  A  faultless  asepsis  is  an  indispensable 
requisite  for  all  these  operations,  as  suppurations  in  the  anfractuous  and 
very  large  articular  and  wound  surfaces  are  hard  to  control.  When 
there  is  danger  of  suppuration,  rather  resort  to  amputation  of  the  thigh. 
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which  the  surgeon  may  be  compelled  to  perform  anyway  subsequently 
for  incipient  suppuration  of  the  stump  of  the  knee  exarticulation. 

For  exarticulation  of  the  knee-joint  select  a  long  anterior  and  a 
shorter  posterior  flap.  (The  general  rule  that  the  scar  should  not  fall  on 
the  bearing  surface  is  absolutely  applicable  here.)  The  posterior  flap 
must  not  be  lacking  in  length,  as  the  soft  parts  of  the  hollow  of  the  knee 
have  an  exceedingly  marked  tendency  to  retract.  Oval  incisions,  begin- 
ning posteriorly  by  an  incision  similar  to  that  used  for  ligating  the  popliteal 
artery— such  as  used  by  Jacobson,  whose  first  act  is  to  ligate  the  popliteal 
vessels— and  carried  around  forward  below  the  tibial  tuberosity,  are  not 
necessary. 

Two  lateral  incisions  (see  Fig.  194)'  begin  on  each  side  on  the  epicon- 
dyles,  internal  and  external,  run  down  to  the  limit  of  the  upper  and  mid- 
dle thirds  of  the  leg,  and  are 
there  united  by  an  anterior  trans- 
versal incision.  The  skin  flap 
thus  circumscribed  is  dissected 
together  with  the  subcutaneous 
fat  and  the  fascia  up  to  the  apex 
of  the  patella,  which  corresponds 
exactly  to  the  level  of  the  articu- 
lar line  of  the  knee.  Directly  on 
the  edge  of  the  patella,  the  patel- 
lar ligament  is  divided  and  the 
incision  is  lengthened  backward 
till  it  reaches  the  longitudinal 
incisions  of  the  skin;  it  thus 
divides  the  lateral  articular  liga- 
ments and  the  lateral  parts  of  the  articular  capsule.  The  knee  is  then  - 
placed  in  extreme  flexion  and  the  crucial  ligaments  cut.  Extirpation  of 
the  upper  synovial  recess  is  not  necessary,  except  when  it  is  diseased; 
then  a  long  amputation  knife  can  be  introduced  behind  the  tibia,  and 
the  posterior  flap  cut  with  a  few  strokes  of  the  same;  the  cutting  edge 
is  first  made  to  follow  for  a  certain  length  the  longitudinal  incisions 
(see  Fig.  194)  and  then  the  knee  is  extended,  the  knife  placed  per^ 
pendicularly  to  the  tibia,  cutting  edge  directed  backward,  and  the  pos- 
terior soft  parts  divided.  The  popliteal  vessels  are  clamped  and  ligated, 
the  tibial  nerve  shortened,  and  also  the  peroneal.  We  still  have  to  ligate 
both  superior  articular  arteries  and  their  branches,  and  to  take  care  of 
the  muscular  stump  of  the  gastrocnemius.  The  anterior  skin  flap  falls 
by  itself  over  the  stump,  and  is  carefully  sutured  behind.  A  drainage- 
tube  is  inserted  posteriorly  in  the  middle  line,  behind  the  condyles  of 
the  femur.     Dressing:  the  limb  and  the  pelvis  are  elevated.     The  stump 


'  In  Fig.  194  and  in  the  following,  the  remaininK  parts  of  bone  are  always  repre- 
sented in  black,  those  to  be  removed  are  lined  diagonally. 
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is  at  first  placed  very  obliquely  on  a  wooden  support,  then  on  a  chaff 
pillow,  in  which  it  may  sink  deeply. 

If  we  have  not  enough  material  to  form  the  large  anterior  flap,  or  if 
we  fear  necrosis  of  the  latter  on  account  of  unfavorable  nutritional  con- 
ditions, we  may  saw  off  the  condyles  in  the  manner  represented  on  Pig. 
195,  or  saw  them  round  with 
Bier's  saw.  If,  in  addition, 
the  kneecap  is  extirpated, 
often  a  shorter  flap  will  be 
sufficient  This  operation, 
which  is  also  called  trant- 
eondylttr  amputation  of  the 
ftmar,  requires  an  anterior 
skin  flap  reaching  down  to  the 
lower  end  of  the  tuberosity  of 
the  tibia.  It  does  not  differ 
essentially  in  its  execution 
from  the  amputation  of  the 
femur  after  Gritti.  Habit 
makes  the  stump  resistant  to 
pressure.  An  advantage  not  to  be  underestimated  in  growing  individ- 
uals is  that  the  epiphyseal  line  is  preserved. 

OateapUtstic  Amputation  of  the  Femur  after  Critti. 

Formation  of  the  broad  anterior  skin  flap  as  for  simple  exarticulation, 
but  reaching  down  only  to  the  lower  limit  of  the  tibial  tuberosity  (see 
Fig.  196).    We  can  now  either  perform  first  a  simple  exarticulation  and 


later  saw  off  the  condyles  or  detach  the  condyles  together  with  the  leg. 
In  the  first  case,  so  as  to  be  able  to  turn  up  the  kneecap,  and  render  the 
upper  recess  accessible,  the  surgeon  divides  the  lateral  ligaments  and  the 
capsule  at  its  insertion  into  the  condyle,  by  introducing  a  narrow  knife 
between  capsule  and  bone,  the  edge  being  directed  at  first  vertically 
Inward  and  then  inclined  a  little  outward  or  inward,  according  to  the  side. 
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A  few  strokes  of  the  knife  are  enough  to  detach  the  insertions.  The 
kneecap  is  now  completely  turned  upward  and  its  surface  covered  with 
cartilage  is  sawed  off:  this  becomes  easy  if  we  grasp  the  skin  flap  by 
means  of  a  large  gauze  compress,  the  thumbs  resting  in  front  of  the  flap 
on  the  lower  border  of  the  kneecap  (which,  as  a  consequence  of  the 
turning  upward  of  the  flap,  has  taken  an  upper  position),  the  other  fingers 
on  the  skin  side,  and  if  we  draw  the  kneecap  forward.  The  femur  is 
sawed  transversely  at  the  point  where  the  upper  border  of  the  patella 
applies  easily  on  the  bone  without  tension  of  the  quadriceps;  it  means 
generally  above  the  condyles.  We  can  also  incise  the  periosteum  circu- 
larly below  the  line  of  sectidn  and  push  it  a  little  in  a  proximal  direc- 
tion. The  condyles  still  hanging  to  some  of  the  posterior  soft  parts  are 
now  detached  close  to  the  bone.  Koenig  used  to  drive  a  nail  in  the  femur, 
as  is  done  for  a  Pirogoff,  to  prevent  slipping  of  the  patella  (see  Fig.  196, 
right  side),  and  leave  it  there  eight  or  ten  days.  I  have  never  seen  any 
inconvenience  from  this  small  addition  to  the  operation.  Others  fasten 
the  edge  of  the  patella  by  a  few  catgut  stitches  to  what  is  left  of  the 
posterior  capsular  ligament  and  periosteum.  Care  of  the  wound  as  for 
exarticulation  of  the  knee.  If  we  want  to  perform  a  Gritti  without  first 
exarticulating  the  knee,  we  only  need,  after  preparing  the  anterior  flap 
and  sawing  the  kneecap,  to  saw  the  femur  through  at  the  same  level  as 
indicated  above,  to  detach  the  condylar  stump  from  the  soft  parts  till  we 
can  introduce  behind  it  an  amputation  knife  with  which  we  shall  cut  the 
posterior  flap.  Of  course,  we  may  also  outline  previously  this  flap  by 
a  transversal  incision  and  dissect  it  up  to  the  level  of  the  interarticular 
line.  Then  a  horizontal  cut  divides  at  this  level  the  remaining  soft  parts 
of  the  hollow  of  the  knee. 

Without  any  spedial  after-treatment,  the  Gritti  stump  has  very  good 
weight-bearing  qualities. 

Osteoplastic  Amputation  of  the  Femur  after  Ssabanejew. 

Ssabanejew  uses  to  cover  the  femoral  stump  the  tibial  tuberosity. 
External  incision  from  the  external  epicondyle  down  to  the  head  of  the 
fibula,  similar  incision  starting  from  the  internal  epicondyle,  about  a 
finger's  breadth  internally  of  the  inner  border  of  the  tibia  and  also 
directed  downward  (see  Fig.  197).  Both  are  united  by  a  transverse  inci- 
sion two  fingers'  breadth  below  the  tuberosity  of  the  tibia.  A  smaller  pos- 
terior flap  is  limited  by  another  transversal  line  and  dissected  up  to  the 
interarticular  line  of  the  knee.  The  latter  joint  is  opened  from  behind 
by  a  transverse  incision,  and  the  articular  ligaments  are  cut,  until  the 
leg  hangs  only  by  the  patellar  ligament  and  the  anterior  parts  of  the 
capsule.  The  whole  leg  is  then  hinged  upward  so  that  the  tibial  crest 
lies  directly  on  the  thigh;  the  anterior  flap  being  carefully  protected,  a 
piece  of  bone  containing  the  tibial  tuberosity  is  sawed  off  as  the  diagram 
on  Fig.  197  shows.  Then  follows  the  somewhat  oblique  sawing  of  the 
femur  through  the  condyles.  Adjustment  of  the  tibial  fragment  on  the 
femur,  as  for  a  Gritti,  and  identical  treatment  of  the  wound. 
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Djditzyn'a  method  is  best  explained  by  Fig.  198.     Incisions  as  in  the 
precedently  described  method.    The  advantage  this  technique  is  intended 


to  give  is,  besides  preserving  the  tuberosity  of  the  tibia  together  with  the 
patellar  ligament,  to  keep  also  with  the  upper  ends  of  the  tibia  and  of  the 
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fibula,  the  insertions  of  the  sartorius,  gracilis  semitendinosus,  semimem- 
branosus and  biceps  muscles. 

AbraschanoWy  in  cases  where  skin  is  lacking  on  the  anterior  side, 
takes  a  posterior  flap  with  a  piece  of  tibia  belonging  to  the  posterior  cir- 
cumference, freshens  the  femur  and  patella,  as  the  accompanying  sketch 
(Fig.  199)  shows ;  this  is  necessary,  as  the  tibial  tuberosity  and  the  patel- 
lar ligament  are  both  sacrificed.  So  as  to  fasten  the  freshened  posterior 
surface  of  the  patella  on  the  tibial  fragment,  it  is  advisable  to  drive  a 
steel  nail  through  the  kneecap  into  the  tibia,  in  a  manner  similar  to  that 
used  for  a  Gritti. 

Amputation  of  the  Femur  through  the  Shaft. 

In  amputations  of  the  lower  end  of  the  femur,  Wilms  has  recom- 
mended, in  order  to  get  a  good  bearing  stump,  to  cover  the  bone  stump 
with  the  quadriceps  tendon,  as  he  does  for  the  leg  with  the  Achilles'  ten- 
don. Whether  he  believes  or  not  that  no  attention  need  be  paid  to  the 
situation  of  the  skin  scar,  he  does  not  state.  In  all  other  methods,  an 
absolute  requisite  to  obtain  a  good  weight-bearing  stump  is  that  the 
scar  should  not  fall  on  its  pressure  surface.  To  fill  this  requisite, 
the  amputation  must  therefore  be  performed  with  flap  incisions  which 
place  the  scar  on  the  side,  or  oval  incisions.  Weight-bearing  stumps  are 
obtained  only  in  amputations  in  the  lower  half:  higher,  a  prosthetic  appli- 
ance cannot  be  directly  adjusted  on  the  limb.  Therefore  at  this  higher 
level  we  can  use  circular  incisions  or  flap  incisions  with  two  equal 
flaps. 

It  is  very  important  to  keep  a  segment  of  the  femur  below  the  lesser 
trochanter,  be  it  ever  so  short,  if  we  want  a  movable  stump.  Walking 
is  thereby  made  incomparably  better  than  when  progression  takes  place 
only  through  propulsion  of  the  whole  half  of  the  body  of  the  amputated 
side.  A  larger  anterior  flap  has  always  the  advantage  of  falling  over  the 
stump  spontaneously  by  its  own  weight,  and  of  letting  whatever  woimd 
secretion  there  may  be  escape  behind. 

It  is  generally  sufficient  in  thigh  amputations  to  cover  the  bone 
stump  with  a  skin  and  fascia  flap.  Concerning  taking-in  the  fascia  in 
the  skin  flap,  I  shall  mention  that  formerly,  on  account  of  the  suppura- 
tion and  the  frequent  elimination  of  the  fascia,  the  latter  was  always 
left  with  the  amputated  segment  of  limb.  In  these  days  of  asepsis,  we 
need  not  be  so  strict  about  it,  and  by  keeping  the  fascia  we  secure  the 
undoubted  advantage  of  better  nutrition  of  the  flap. 

Therefore,  in  its  lower  third,  we  amputate  the  thigh  chiefly  with  flap 
incisions;  in  its  upper,  with  flap  or  circular  incisions.  For  amputation  of 
the  thigh,  the  patient  is  drawn  toward  the  edge  of  the  table,  so  that  the 
limb  overhangs  completely:  the  healthy  limb,  flexed  at  the  knee,  lies  on  a 
small  wooden  bench.  For  an  amputation  of  the  right  leg,  the  surgeon 
ordinarily  stands  to  the  right  side  of  the  patient:  for  an  amputation  of 
the  left  leg,  between  the  thighs. 


OPERATIONS  ON  THE  EXTREMITIES 


179 


Amputation  in  the  Lower  Third  with  Flap  Incitiona. 

The  base  of  the  anterior  flap  is  somewhat  larger  than  the  half  circum- 
ference of  the  limb  (Fig.  200),  its  length  equals  the  diameter  of  the  lat- 
ter. It  begins  above  at  the  level  where  we  expect  to  saw  the  bone;  its 
comers  are  slightly  rounded  (tongue-shaped),  but  we  must  be  careful  not 
to  make  it  taper  too  much  toward  its  lower  end.  Dissection  of  the  flap, 
fascia  included  in  it  or  not,  up  to  its  base.  To  form  the  posterior  flap, 
about  half  as  long  as  the  anterior,  the  limb,  till  then  held  horizontally,  is 
elevated  vertically.  The  flaps  turn  then  spontaneously  upside  down.  Cir- 
cular cutting  of  the  muscles  with  a  long  amputation  knife,  a  little  distally 
of  the  base  of  the  flap ;  this  cutting  is  effected  by  one  or  two  strokes  of 
the  knife,  while  an  assistant  draws  upward  the 
skin  flaps  and  at  the  same  time  also  the  most 
superficial  layers  of  muscle  with  a  long  gauze 
compress  placed  around  the  limb.  Therefore,  when 
the  circular  incision  is  made,  the  latter  layers  are 
cut  more  peripherally  than  the  deeper;  a  shallow 
muscular  funnel  results,  from  the  centre  of  which 
the  femur  protrudes.  Incision  of  the  periosteum 
at  the  level  of  the  muscular  section  and  pushing 
back  of  the  same  by  means  of  an  elevator  (on  the 
linea  aspera,  the  separation  of  the  periosteum  from 
the  bone  requires  a  knife  and  a  dissection  forceps) . 
The  bone  is  sawed  through  at  the  base  of  the 
periosteal  cylinder,  while  the  soft  parts  are  re- 
tracted by  means  of  two  gauze  compresses,  or  of 
a  split  gauze  compress:  the  edges  are  smoothed 
witii  a  rongeur,  the  periosteum  cylinder  is  closed 
on  top  of  the  bone  stump  by  two  or  three  catgut 
stitches.  Kocher  advises  not  to  make  any  pen- 
osteal  cylinder;  Bunge  recommends  here,  as  for 
amputations  of  the  leg,  to  incise  the  periosteum 
circularly  and  to  push  it  distally,  to  saw  the  bone 
at  2  or  3  mm.  distance  from  the  periosteal  cut  edge,  and  to  scrape  off 
the  marrow  for  2  or  3  mm.  also.  Ligation  of  the  femoral  vessels  (see 
LigatioTis,  page  124  and  following)  and  of  the  different  muscle  vessels 
according  to  principles  already  set  forth  (see  page  139).  The  sciatic 
nerve  is  drawn  out  and  shortened :  it  is  accompanied  almost  down  to  the 
knee  by  the  comitans  artery,  a  branch  of  the  inferior  gluteal  artery, 
which  must  be  ligated.  Covering  the  bone  end  with  muscles  through 
the  suture  of  the  muscular  bellies  of  the  extensors  to  those  of  the 
flexors  (Netd>er's  method)  is  employed  by  some  surgeons.  Suture  of  the 
skin  (on  account  of  the  possibility  of  necrosis  of  the  edges,  the  threads 
must  not  be  tied  too  tight),  drainage  of  both  wound  angles  for  three  or 
four  days.  Large  dressing  extending  up  to  the  navel,  the  stump  being 
slightly  raised.    This  dressing  is  made  with  starch  bandages  and  a  large 
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poplar  wood  splint  which  curves  to  pass  from  the  anterior  to  the  posterior 
aspect  of  the  stump  without  touching  the  latter.  The  very  painful  and 
torturing  twitchings  of  the  stump  muscles  are  somewhat  lessened  by  the 
use  of  such  a  fixation  splint;  what  remains  of  them  must  be  stilled  with 
morphin.  Early  treatment  of  the  stump  after  Hirsch^s  and  Bunge^s 
methods.  An  aseptic  amputation  of  the  thigh  heals  in  about  two  weeks. 
The  patient  can  get  out  of  bed  after  ten  days. 

The  higher  we  must  sever  the  thigh,  the  more  muscular  insertions 
have  to  be  sacrificed.  But,  even  after  section  just  below  the  lesser 
trochanter,  there  remain  enough  muscles  working  in  most  different 
directions  to  insure  a  good  mobility  (iliopsoas,  pectineus,  adductor 
brevis,  obturatores,  pyriformis,  glutaei).  The  higher  we  amputate,  the 
more  difficult  becomes  the  constriction  of  the  limb,  inasmuch  as  the  tube 
or  bandage  may  slip  distally  after  the  muscles  have  been  severed,  all  the 
more  because  they  draw  more  strongly  and  powerfully  on  the  thigh  than 
in  any  other  part  of  the  body. 

Slipping  can,  however,  be  prevented  by  inserting  on  each  side  under 
the  tube  when  winding  it  around  a  loop  of  bandage  which  an  assistant 
will  draw  upward  while  the  muscles  and  bone  are  cut  and  during  the 
treatment  of  the  stump.  So  as  to  be  able  to  still  use  artificial  anemia  in 
very  high  amputations,  place  a  long  tube  sterilized  by  boiling  quite  high 
on  the  inner  side  of  the  thigh,  draw  strongly  on  it,  cross  externally  be- 
tween the  antero-superior  iliac  spine  and  the  greater  trochanter  and  tie 
on  the  healthy  side  above  the  iliac  crest.  Such  a  tube  can  slip  off  only 
when  it  has  drawn  the  stump  forward  and  outward ;  therefore  an  assist- 
ant must  hold  the  stump  in  place  and  push  it  downward  and  inward.  In 
those  cases  of  high  amputation  it  is  advisable  to  ligate  the  big  blood- 
vessels before  sawing  the  bone. 

When  PetiVs  circular  incision  is  used  (Fig.  200,  middle)  an  assistant 
pulls  strongly  the  skin  upward  with  both  hands,  the  surgeon,  bending  his 
arm  so  that  it  forms  almost  a  circumference  around  the  thigh,  places  the 
edge  of  the  knife  near  the  point  on  the  anterior  surface  of  the  limb,  then 
pushes  the  knife  till  the  handle  reaches  the  place  where  the  point  was 
before.  This  movement  divides  the  skin  of  the  anterior  aspect  of  the 
thigh;  then  the  knife,  always  kept  in  a  plane  exactly  perpendicular  to  the 
shaft  of  the  bone,  is  drawn  across  the  inner  side  and  the  posterior  surface 
of  the  thigh.  The  ends  of  the  incision,  which,  when  skilfully  executed, 
ought  to  encircle  already  more  than  three-fourths  of  the  limb,  are  now 
united  on  the  side  of  the  limb  facing  the  operator.  This  incision  is  every- 
where carried  down  to  the  fascia:  eventually  it  has  to  be  completed  here 
and  there.  The  result  is  a  gap  several  centimetres  wide  between  both 
edges  of  the  skin.  The  musculature  is  divided  exactly  in  the  same  way, 
level  with  the  upper  edge  of  said  gap.  down  to  the  bone,  with  the 
amputation  knife,  in  one  or  two  layei-s.  strong  traction  being  exerted 
upward.  Next  comes  the  incision  through  the  periosteum  and  the  sawing 
of  the  bone.     Eventually  suture  of  the  muscles  after  Xcnber's  method. 
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Suture  of  the  skin  in  frontal  or  sagittal  direction.  The  latter  gives  a  better 
posterior  drainage  than  the  former  with  which  the  best  course  is  to  make 
a  drain  stab  at  the  lowermost  point.    Further  treatment  as  above. 

We  may  also  cut  skin-and-muscle  flaps  by  SidiUoVs  transfixion  method, 
by  thrusting  the  point  of  a  sharp  and  long  amputation  knife  in  the  outer 
or  inner  side,  as  the  case  may  be,  first  directing  the  point  as  if  we  wanted 
to  have  it  strike  the  anterior  circumference  of  the  femur,  then  lifting 
the  handle  so  as  to  make  it  come  out  through  the  side  opposite  that  of 
entrance.  Then  we  cut  downward  so  as  to  form  a  large  flap.  The  same 
is  done  on  the  posterior  half  circumference :  then  the  remaining  soft 
parts  are  cut  down  to  the  bone  by  a  circular  incision.  These  muscle-and- 
skin  flaps  have  been  chosen  sometimes  on  account  of  the  danger  of  gan- 
grene of  the  skin. 

Exarticulation  of  the  Hip. 

This  operation  had  formerly  a  very  unfavorable  prognosis,  on  account 
of  the  enormous  wound-surf ac^  it  creates,  and  the  danger  of  hemorrhage. 
In  these  days  of  asepsis,  the  danger  of  pus  formation  is  done  away  with, 
but  that  of  bleeding  is  still  present.  All  methods,  however,  aim  at 
reducing  the  loss  of  blood  to  the  smallest  possible  amount.  A  few  opera- 
tors perform  previously  to  this  operation  prophylactic  ligation  of  the 
external  iliac  artery  and  vein,  others  arrange  the  incision  so  that  the 
femoral  vein  and  artery  may  be  at  the  beginning  doubly  ligated  and 
severed  between  the  ligatures.  The  safest  way  is  to  amputate  first  the 
thigh  very  high  under  artificial  anemia,  to  attend  to  the  bloodvessels,  and 
then,  after  removal  of  the  tube,  to  shell  out  the  remaining  part  of  the 
femur  with  the  head,  keeping  close  to  the  bone,  so  as  to  avoid  wounding 
large  vessels.  This  method  is  generally  given  the  name  of  v.  Beck, 
but,  as  Bruns  has  shown  in  an  interesting  historical  study,  it  has  been 
occasionally  used  and  also  described  already  long  before  v.  Beck.  This 
method  ought  to  be  preferred  to  the  others. 

First,  high  amputation  of  the  thigh,  with  PetiVs  circular  incision,  de- 
scribed above,  the  patient's  leg  hanging  over  the  table  so  much  that 
only  the  upper  part  of  the  sacrum  rests  on  the  latter ;  and  complete  hemo- 
stasis  (see  Fig.  200,  above).  After  removing  the  tube  (figure  of  8),  we 
once  more  inspect  carefully  the  wound  and  ligate  whatever  small  vessels 
may  still  bleed.  Incision,  beginning  above  and  outward  on  the  greater  tro- 
chanter, and  reaching  forthwith  down  to  the  bone,  descending  vertically, 
always  keeping  on  the  outer  border  of  the  femur.  Now  the  bone  is 
grasped  with  Langenbeck*s  bone  forceps  (represented  on  page  79)  in 
such  a  way  that  one  blade  is  in  the  medullary  cavity,  the  other  on  the 
outer  or  inner  side  of  the  bone.  While  an  assistant  retracts  the  flaps  as 
needed,  the  surgeon  cuts  close  to  the  bone,  with  a  strong  bone  knife, 
first,  the  limb  being  in  strong  outward  rotation  and  abduction,  the  inser- 
tions into  the  linea  aspera  of  the  adductor  brevis  and  pectineus  muscles, 
next  a  small  remaining  portion  of  the  origin  of  the  vastus  intemus 
and,  on  the  lesser  trochanter,  the  insertion  of  the  iliopsoas ;  farther  up. 


III.: 


Mnt.MA'llnNM  ON   TliK   KXTUKMITIKS 


Hh  Mil  lii.Mi  IimiiIm  111  llin  ImiimhuI  iMM'li,  tli(»HiM»f  tluM|uadratus  femoris 
Mini  t<lilMiiiliii  I'-lii iiiM.  iiiiil  |iiMi«ili'iil«^H  liil(»  tlu^  lup-joint,  the  anterior 
(•ml  ul  \\U\hi%  iii|i.iul«i  1.1  iijilii  iildiiK  Ihii  unlorior  Hurface  of  the  neck  of 
\\^^  \\  iiiui  I  lit  u  ilh>  Ihiili  I.I  pliirtMl  lu  intt^nml  rotation  and  the  external 
^\'l^^\  ui  ilh  .i|iiiu|i  ii  losMMod.  llio  vustus  intomiis  and  the  vastus 
«  (iMui>  i\\^  \U\%\s\u^\\  oil  (ho  W\\\\^  Mow  tho  Ktvntor  ti\K*hanter.  as  are 
\\\^  \\\U'y\\l\\  \\\^\'\\\\\\\*  o(  tho  v.luta'i.  (l\o  pyrit'orniis.  and  the  obturator 
ua«  Mv\i  \\w  \\\^\\%  \  *\\\\\  \^\\Av\\o\  hv.iUuonts  nt\d  |>art  ot  the  capsule  are 
\\  «'  In  ^^\^  A  \\u  \\\aA  \»i  \\\\'  is'wwxv  spvuvK5*  ^Hit  of  tT.o  avvtabulum  ar.d 
S»n..  x».^'\  ^\  ^*uvx»i  iS»*  ksv-UMNM' av^l  ui»iHn' ca•fc^s•.^o  arid  ligaLrnents  and 
k.\^.  .k\,»u\  kx  i\      NN  Jun  '» ' « si«.\  \vu\Iv\nso  u*t^o  rV:r.;:r.    Allihis  is  cor.e 


\'» 


\- 


V 


\     \  A 


s    ;'v  :v'-r:;:!ii.  rv^r   ::   tze 


\  \ 


^  ■  \ 


»      »  •  *  ■ 

s        .    ^  »  \  ,    .  .  \  -■..    . 


"  \ 


:^u 


V  %     ...■».  a  w. 


V        »      V  ••-  ^^  •« 


v^  ^  V 


^    X 


■^        <  . 


*-'»* 


X  « 


"*T* 


.j»L    ^lacs- 


■<s  *■» 


'  «1 


■/w 


— .      .a,    ^-"       —-*■ 


OPERATIONS  ON  THE  EXTREMITIES  1S3 

cuts  obliquely  backward  and  downward  a  smaller  posterior  flap  (see 
Fig.  202). 

In  case  the  soft  parts  of  the  thigh  are  diseased  quite  high,  or  in  perios- 
teal and  bone  tumors  which  make  imperative  a  removal  far  from  the 
growth  through  healthy  tissue,  it  is  best  to  select  an  oval  or  racket-shaped 
incision,  which,  beginning  on  the  ilio-inguinal  ligament  with  an  incision 
as  for  ligation  of  the  common  femoral  artery,  runs  along  curved  lines 
inward  and  outward  around  the  thigh  and  takes  on  the  posterior  aspect 
a  horizontal  direction.  The  incision  divides  the  skin  and  fascia:  all  the 
severed  vessels  are  doubly  ligated.  So  as  to  save  for  the  body  at  least  a 
part  of  the  Wood  contained  in  the  limb,  an  Esmarch  bandage  is  wound 
around  the  latter  from  the  toes  up  to  the  middle  of  the  thigh:  said  band- 
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age  is  left  in  gitu  and  tied  above.  Compression  of  the  aorta  with 
Eamareh's  compressor  is  not  without  danger;  whether  circular  constric- 
tion above  the  iliac  crest  (see  Artificial  anemia,  page  90)  will  establish 
its  value,  remains  still  to  be  seen:  neither  is  necessary.  The  femoral 
artery  and  vein  are  at  the  beginning  of  the  operation  isolated,  doubly 
ligated,  and  severed  between  the  ligatures. 

Riedd,  imitating  Rose's  modus  operandi,  keeps  the  ligation  of  the 
femoral  vein  for  the  last  step  so  as  to  save  for  the  patient  the  blood 
contained  in  the  upper  part  of  the  limb  to  be  amputated,  and  which 
could  not  be  squeezed  from  the  limb  into  the  body  by  the  elastic 
bandage;  and  ligates  the  vein  only  after  the  femur  has  been  detached 
from  the  joint  Thoracic  aspiration  sucks  this  blood  during  the  oper- 
ation. 

The  skin  flap  is  dissected  upward  and  the  muscles  are  divided  layer 
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by  layer  as  hi£:h  as  is  necessary,  first  on  the  anterior  side,  beginning 
with  the  sartorius,  the  rectus  femoris,  and  the  tensor  fascias  latse.  The 
surgeon  may  liberate  the  outer  and  inner  side  and  undermine  the  deep 
surface  of  each  muscle  with  Kocher's  spatula.  Then,  on  the  outer  side  of 
the  bloodvessels  comes  the  iliopsoas,  after,  the  crural  nerve,  internally 
of  the  vessels,  the  pectineus,  and  the  adductors.  Directly  underneath 
(dorsally  of)  the  iliopsoas  are  the  articular  capsule  and  the  head  of  the 
femur.  First  a  transverse  incision  is  made  on  the  neck  and  head  and  its 
cartilaginous  lining,  next  the  round  ligament,  is  divided.  Now  follow 
still  the  posterior  capsule  and  ligaments  and  the  muscles  (or  muscular 
insertions  according  to  anatomical  relations),  glutei,  inward  and  out- 
ward rotators.     In  all  cases,  bleeding  vessels  are  seized  in  two  clamps 


and  the  proximal  end  ligated.  the  distal  end  may  be  simply  left  clamped. 
if  we  have  atour  disposal  many  arteo'  forceps.  Thus,  the  operation  pro- 
ceeds, consuming  more  time,  but  devoid  of  danger.  The  resulting  wound 
is  sutured  in  a  sagittal  direction,  a  thick  drain  is  pushed  up  in  the  aceta- 
bulum and  comes  out  at  the  [.xwterior  angle  of  the  wound. 

Amputation  of  the  ix'lvis  and  interilioabdominal  exarticulation  in  very 
highly  situated  malignant  tumors  of  the  femur  and  in  those  of  the  pelvis, 
when  these  cannot  Ih'  ri'movcd  by  extin»ation  of  one-half  of  the  pelvis 
(resection  of  pelvisl  is  :i  fomiidaWt'  operation,  wht.ise  execution  has  been 
the  subject  of  an  inteivsting  and  exhaustive  study  by  Kwhcr  ("Opera- 
tive Technique."  5th  Edhion.  \\  .V»:2  and  followingl.  who  also  added  in- 
structive drawings.  I  give  only  this  simple  mention  Ivcause  anybody 
who  is  able  to  undertake  suoh  ojH'KUions  will  eortainlv  have  Kocfur's 
book. 
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B.  Resections 

We  always  strive,  when  resecting  a  joint,  to  preserve  as  much  as 
feasible  the  ligaments  and  muscular  insertions.  This  aim  is  best 
reached  by  detaching  in  toto,  with  a  chisel,  the  bony  processes  into 
which  muscles  are  inserted,  as  happens,  for  instance,  in  Koenig's  method 
of  hip-joint  resection.  If  this  is  not  possible,  then  the  insertions  are 
lifted  or  peeled  away  from  the  bone  together  with  the  periosteum,  after 
subperiosteal  detachment.  These  procedures  keep  the  muscles  in  their 
normal  relative  positions;  and  these  muscles  become  again  connected 
with  the  articular  bone  stump  and  retain  their  functional  power.  Thus 
we  see  an  almost  complete  mobility  and  muscular  power  reestablished 
after  a  suitable  after-treatment  in  cases  of  subperiosteal  resection  of  the 
elbow  or  shoulder  joints.  In  a  general  way,  we  try  to  obtain  a  movable 
articulation  only  when  dealing  with  the  large  joints  of  the  upper  extrem- 
ity, while  we  consider  it  best  for  joints  of  the  lower  limbs  to  obtain  as 
quick  as  possible  a  solid,  and  preferably  bony,  union  of  the  two  ends,  or 
at  least  (but  this  is  not  as  good)  a  fibrous  anchylosis  of  the  affected  joint, 
the  limb  being  in  a  correct  position  from  the  functional  point  of  view. 
Bardenheuer^ s  extracapsular  resection,  that  is,  exposure  from  the  outside 
of  the  articular  capsule,  together  with  its  recesses,  till  its  insertions  into 
the  bones,  sawing  of  the  bones  just  below  said  insertions,  and  extirpation 
of  the  whole  joint  segment  with  the  unopened  capsule,  is  a  much  too 
extensive  operation  and  ought  therefore,  as  a  rule,  to  be  rejected. 

I.  Resections  of  the  Upper  Extremity 

Typical  resection  of  the  small  finger-joints  is  hardly  ever  resorted  to.  In 
suppurations  or  tuberculosis,  we  occasionally  remove  part  of  the  cartilagi- 
nous articular  surfaces,  but  we  must  be  as  conservative  as  we  can  and, 
when  operating  on  growing  individuals,  always  think  of  the  epiphyseal 
line,  which  must  be  spared  as  much  as  possible.  As  important  as  the  spar- 
ing of  the  bone  is  that  of  the  sinews,  which  are  chiefly  inserted,  on  the 
dorsal  side,  into  the  base  of  the  last  phalanx,  on  the  palmar  side,  into  the 
bases  of  the  first  and  third  phalanges,  but  also  into  the  lateral  sides  of 
the  second  phalanx.  For  the  thumb,  the  interphalangeal,  or  metacarpo- 
phalangeal joints,  ought  to  be  exposed  through  two  dorsal  incisions,  one 
on  the  radial,  the  other  on  the  ulnar  side ;  after  penetrating  into  the 
joint,  the  surgeon  separates  carefully  the  capsule  and  ligaments  from  the 
bone.  Diseased  tuberculous  bones  can  generally  be  cut  through  with  a 
bone  knife:  harder  bones  require  Gigli's  saw,  and  the  sawed  ends  are 
rongeured  smooth,  so  that,  as  much  as  feasible,  the  proximal  end  will 
become  convex  and  the  distal  concave.  Whenever  possible,  interpose 
between  the  bony  ends  a  flap  of  soft  parts,  so  as  to  prevent  them  from 
coalescing.  Cautious,  passive  movements  must  be  begun  very  early, 
after  eight  or  ten  days;  at  the  same  time  slight  tractions  must  be  exerted 
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on  the  peripheral  segments.  The  second,  third,  fourth,  and  fifth  meta- 
carpo-phalangeal  joints  are  best  exposed  by  a  dorsal  incision,  the  extensor 
tendons  being  retracted  laterally.  Anyhow,  remember  that  in  working 
people,  a  motionless  and  stiff  finger  impairs  much  more  the  usefulness  of 
the  hand  than  the  loss  of  a  finger 

Remection  of  the  Wriat-Joint 

To  expose  the  wrist-joint  we  prefer  Langenbeck  sdorso  radial  incision, 
while  Kocher  makes  a  doi-so-ulnar  incision  so  as  to  spare  the  long  and 


f 
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short  extensores  carpi  radiales,  inserted  into 

the  dorsal  aspect  of  the  bases  of  the  second 

^■^     ■■  and  third  metacarpal  bones  respectively. 

^^^H  J|H  Fig.  203  shows  the  position  of  the  epi- 

^^^BU^^k  physeal  lines  of  the  upper  limb.     In  growing 

^^^^^^^P  subjects,  the  surgeon  must  always  have  rep- 

Fic.  203.  resented  in  his  mind  the  zones  of  growth, 

and  spare  the  latter  whenever  possible. 

The  numerous  tendinous  insertions,  as  well  as  the  sinews,  nerves,  and 

bloodvessels  passing  over  the  wrist-joint,  make  its  access  much  more 

difficult.     Besides,  the  carpal  bones  are  bound  together  and  united  with 

the  bones  of  the  forearm  and  of  the  metacarpus  by  thick  and  strong 

ligaments  and  partly  very  narrow  articular  capsules,  which,  however,  in 

those  cases  giving  an  indication  for  resection  (almost  always  tuberculo- 
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sis  of  the  carpus),  are  destroyed  to  such  an  extent  that  all  diseased  tis- 
sue can  be  easily  scooped  out  with  a  large,  sharp  spoon.  In  severe  cases 
of  tuberculosis  of  the  wrist-joint,  we  can  also  use  freely  this  method  of 
cleaning  with  a  large  spoon.  But,  on  the  other  hand,  in  operative 
courses  on  the  cadaver,  all  ligaments  are  well  preserved,  and  here,  at 
least,  we  must  obey  the  following  rules.  It  is  convenient  to  lay  the  hand 
on  a  small  tablet  placed  near  the  operating  table,  and  in  ulnar  Dexion,  soas 
to  have  the  second  metacarpal  in  the  prolongation  of  the  axis  of  the 
forearm.  Incision  from 
the  middle  of  the  second 
metacarpal  and  along  its 
easily  felt  ulnar  border 
to  the  styloid  process  of 
the  radius:  the  incision 
follows  the  direction  of 
the  interosseous  space, 
and  divides  the  skin  and 
the  superficial  fascia;  it 
runs  fairly  exactly  along 
the  tendon  of  the  exten- 
sor digitorum  longus,  that 
is,  of  course,  the  portion 
of  this  tendon  going  to 
the  forefinger.  On  the 
radial  side  of  the  tendon, 
the  tendon  of  the  long  ex- 
tensor pollicis  passes  un- 
der the  ligamentum  carpi 
dorsale,  and  directly  on 
the  carpus  the  tendon,  of 
the  short  extensor  carpi 
radialis  going  to  its  in- 
sertion into  the  radial 
side  of  the  base  of  the 
third  metacarpal  bone. 
The  tendon  of  the  extensor  pollicis  longus  crosses  on  the  carpus  the 
tendons  of  both  radial  extensors  on  their  dorsal  side.  These  four 
sinews  are  represented  in  Fig.  205,  and  may  be  easily  identified  from 
what  has  just  been  said.  Keep  close  to  the  radial  edge  of  the  extensor 
tendon  of  the  forefinger,  so  that  the  tendon  of  the  short  extensor 
carpi  radialis  remains  in  the  distal  part  of  the  incision,  while  the  tendon 
of  the  extensor  pollicis  longus  remains  radially,  in  the  proximal  part  of 
the  incision,  under  the  partly  divided  ligamentum  carpi  dorsale;  and 
deepen  the  incision  until  the  small  articulations  of  the  hand  situated 
along  the  course  of  the  incision  have  been  opened.  These  articulations 
are  the  radio-carpal  joint  directed  about  transversely  (Fig.  205),  theartic- 
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ular  line  between  the  scaphoid  on  one  side  and  the  semilunar  and  o8 
magnum  on  the  other  side ;  and  lastly,  distally,  the  joint  between  the  os 
magrnum  and  the  third  metacarpal,  while  the  articulation  between  the 
OS  magnum  and  the  trapezoid  remains  more  on  the  radial  side,  and  is  not 
yet  visible.  The  hand  being  placed  in  radial  and  slight  dorsal  flexion, 
the  surgeon  detaches'by  short  "peeling"  strokes  of  the  knife,  the  insert 
tions  of  both  extensores  carpi  radiales  together  with  the  articular  cap- 
sules, ligaments,  and  periosteum  from  the  basis  of  the  second  and  third 
metacarpal  bones  and  also  from  the  trapezoid  (Fig.  206,  m.  min.),  sca^ 
phoid,  and  radial  epiphysis,  till  he  can  plainly  see  those  bones  and  their 
articular  connections.  He  then  proceeds  in  the  same  way  on  the  ulnar 
side,  the  hand  being  in  ulnar  and  slight  dorsal  flexion,  till  the  dorsal  sur- 
faces of  the  semilunar,  cuneiform,  os  magnum,  unciform,  and  the  bases 
of  the  third,  fourth,  and  fifth  metacarpal 
are  in  full  view.  Diseased  soft  parts  are 
thoroughly  extirpated,  the  sinews  and 
their  sheaths  being  carefully  protected 
against  injury.  Next  follows  the  extii^ 
pation  of  the  separate  carpal  bones.  The 
dorsal  soft  parts,  liberated  in  toto  from 
the  bone,  are  drawn  aside  toward  the 
radial  and  ulnar  sides  by  means  of  blunt 
hooks ;  the  hand  is  strongly  flexed  toward 
the  palm,  so  as  to  make  the  small  carpal 
articulations  gap  as  widely  as possibleon 
their  dorsal  side.  The  surgeon  begins 
with  the  scaphoid:  the  point  of  the  knife 
penetrates  through  the  articular  liga- 
ments and  divides  first  whatever  is  left 
of  the  dorsal  ligaments  and  capsule;  then 
the  bone  is  strongly  drawn  dorsally  by 
means  of  a  small  forceps— the  larger 
tooth-forceps  used  for  pulling  out  the 
molars  of  the  lower  jaw  answers  very  well  the  purpose — and  rotated 
in  different  directions,  while  the  palmar  articular  ligaments  are  cat 
close  to  the  bone,  so  as  to  carefully  avoid  injuring  the  palmar  sinews 
and  their  sheaths.  In  a  similar  way  follow  the  pyrifonnis  and  cunei- 
form, while  the  pisiform  carrj-ing  the  insertion  of  the  flexor  carpi  ulnaris 
is  left  hi  situ.  The  distal  row  of  carpal  bones,  with  the  exception  of  the 
trai>ezium.  when  the  latter  is  not  diseased,  is  extirpated  en  vuuae, 
beginning  with  the  trapezoid  and  progressing  outward  following  the 
irregular  articular  slit  between  carpus  and  metacarpus.  While  the  bones 
are  strongly  drawn  forward  and  rotated  toward  the  ulnar  side,  the  cap- 
sule and  liganionts  are  j-weled  off  them,  which  is  particularly  difficidt 
when  we  conw  to  tho  hi.x>k  of  the  unciform.  Eventuallj*  we  must  cut  off 
the  latter  with  strong  lx>ne-$oissors  and  leave  it  in  situ.    Again,  diseased 
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soft  parts  are  carefully  excised.  Are  the  metacarpal  bones  sound,  we 
simply  shall  clean  them  from  the  diseased  capsular  shreds  that  may  still 
adhere  to  them :  otherwise,  we  shall  resect  them  with  a  sharp  cutting 
chisel  or  a  hand-saw.  Similarly,  the  radius  and  ulna  are  left  intact 
when  they  are  not  diseased;  even  the  cartilage  of  the  ulna  need  not  be 
removed.  Now  we  have  a  large,  empty  sac,  which  requires  time  to  close 
by  retraction  of  the  soft  parts  and  granulation  formation.  The  wound 
is  drained  dorsally  and  sutured.  When  the  'radius  is  diseased,  its  end 
must  be  freed  from  the  sound  soft  parts  and  sawed  off  with  a  hand-saw, 
or  GigWs  wire  saw,  and  a  correspondingly  long  fragment  of  the  ulna 
must  also  be  removed.  On  the  contrary,  if  the  ulna  alone  is  diseased, 
while  the  radius  is  sound,  we  can  preserve  the  articular  surface  of  the 
radius.  I  do  not  consider  it  superfluous  to  repeat  that  we  sprinkle  liber- 
ally the  wound-surfaces  of  all  resections  made  for  tuberculosis  with 
iodoform  (of  the  large-crystal  variety).  When  this  kind  is  used, 
the  danger  of  iodoform  poisoning  is  very  small  indeed.  We  apply  the 
dressing,  as  Koenig,  in  moderate  dorsal  flexion  of  the  hand,  and  keep  the 
latter  in  that  position  for  a  long  time  because  it  is  the  natural  position 
of  the  hand  when  strongly  closed,  as  everybody  can  easily  ascertain  by 
closing  his  own  fist.  The  dressing  reaches  only  the  metacarpo-pha- 
langeal  joints,  so  that  movements  may  be  executed  with  the  fingers  from 
the  first  day  after  operation.  The  drainage  tube  and  the  stitches  may  be 
taken  away  after  ten  or  fourteen  days,  and  then  the  dressing  will  be  a 
plaster  splint  holding  the  hand  in  the  aforesaid  position  till  the  metacar- 
pal bones  have  firmly  united  with  the  radius  and  ulna;  which  happens 
after  intervals  varying  according  to  the  length  of  bone  excised.  Then 
medico-mechanical  exercises,  etc.  With  a  view  to  shortening  conval- 
escence, Tietze  proposed  a  few  years  ago  to  divide  the  separate  tendons, 
to  make  the  ends  slide  along  one  another,  and  to  unite  them  side  to  side. 
Bardenheuer  nails  the  metacarpal  bones  on  the  radius,  and  strives  from 
the  outset  to  obtain  anchylosis. 

Resection  of  the  ElboW'Joint. 

Access  to  the  elbow-joint  is  easiest  from  the  dorsal  side,  as  we  have 
there  to  divide  only  the  triceps  tendon;  there  are  absolutely  no  blood- 
vessels of  any  importance,  and  the  only  nerve  we  have  to  consider,  the 
ulnar,  can  be  easily  spared  if  one  obeys  the  following  precepts:  As  the 
triceps  is  divided  along  its  long  axis,  and  as  its  insertion  is  preserved 
together  with  the  periosteum,  the  intervention  has  no  essential  influence 
on  its  function.  We  perform  the  resection  still  according  to  Langenbeck' s 
original  rules.  The  arm  to  be  operated  on  is  thrown  across  the  chest  of 
the  patient  toward  the  healthy  side,  where  the  operator  stands :  this  in 
order  to  make  the  posterior  aspect  of  the  arm  readily  accessible.  A  point 
is  marked  slightly  internal  (nearer  the  epitrochlea)  to  the  middle  of 
the  olecranon.  The  incision  begins  4  to  6  cm.  above  the  olecranon  in  the 
middle  of  the  triceps,  runs  down  to  the  marked  point,  and  thence  down- 
ward for  4  to  6  cm.,  following  the  crest  of  the  ulna  (Fig.  207).     The 
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surgeon  stretches  strongly  the  soft  parts  of  the  lower  segment  of  the 
arm  between  the  thumb  and  fingers,  the  elbow  being  moderately 
flexed,  and  plunges  a  strong  bone  knife  through  skin  and  muscle  down  to 
the  bone  at  the  upper  limit  of  the  incision;  then,  always  keeping  the 
point  of  the  knife  on  the  bone,  cuts  downward  till  he  reaches  the  ole- 
cranon; next,  raises  the  handle  of  the  knife  from  its  direction  at  first 
oblique  relatively  to  the  arm,  until  it  becomes  perpendicular  to  the  axis 
of  the  bone,  so  as  to  split  lengthwise  the  posterior  capsular  insertions  and 
the  triceps  tendon  at  its  insertion  into  the  olecranon:  then  again,  lowers 
the  handle  of  the  knife  and  divides  the  skin  and  the  periosteum  on  the 
olecranon  and  ulnar  crest.  Now  comes  the  subperiosteal  detachment  of 
the  capsule,  ligaments,  and  muscular  insertions  from  the  inner  and  outer 
condyles  and  from  the  upper  end  of  the  ulna.     This  is  begun  on  the 

inner  side.  A  Langenbeck 
retractor,  introduced  in  the 
incision  abovethe  olecranon, 
spreads  the  wound  edges 
apart  Now,  we  see  in  the 
depth  the  olecranon  fossa  of 
the  humerus,  and  recognize 
clearly  therein  the  capsular 
insertion.  The  elbow  being 
slightly  flexed,  so  as  not  to 
stretch  too  much  the  dorsal 
soft  parts,  the  surgeon  de- 
taches with  dissection  for- 
ceps and  knife  the  capsule 
and  the  ligamentous  inser- 
tions first  from  the  humer- 
us; next,  lifts  toward  the 
side  the  periosteum  above 
the  condyles;  then  separates  the  tendon  of  the  triceps  from  the  inner  half 
of  the  olecranon,  and  with  an  elevator,  shoves  away  toward  the  inner 
side  the  i)eriosteum  of  the  ulna.  Now,  going  back  to  the  humerus,  the 
surgeon  frees,  by  curved  strokes  of  the  knife,  the  internal  condyle  and 
epitrochlea  from  the  adhering  soft  parts  and  muscular  insertions  (pronator 
teres  and  superficial  flexors  of  the  forearm).  To  do  this,  the  elbow  must 
be  only  slightly  flexed;  only  when  the  tip  of  the  epitrochlea  has  been 
reached,  shall  we  flex  the  joint  more  strongly,  whereby  the  detached  soft 
parts  glide  spontaneously  forward  of  the  epitrochlea.  Step  by  step,  the 
capsule  and  internal  lateral  ligaments  are  detached  from  the  olecranon, 
the  periosteum  is  lifted  away  from  the  ulna,  till  the  inner  half  of  the 
humerus  and  ulna  are  thoroughly  denuded.  If  this  technique  be 
followed,  the  ulnar  nerve,  imbedded  in  soft  parts  and  running  in  the 
groove  between  the  olecranon  and  epitrochlea,  is  generally  not  even  seen. 
In  a  similar  way,  we  proceed  with  the  external  condyle  from  which  we 
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iletach  the  superficial  extensors,  and  we  divide  the  muscular  insertion  of 
the  anconsus.  On  the  head  of  the  radius,  we  still  have  to  sever  the 
annular  ligament  If.  now,  we  put  the  joint  in  extreme  flexion,  the 
lower  end  of  the  humerus  will  easily  slide  out  through  the  wound.  It  is 
sawed  transversely  at  the  level  of  the  epicondyles  (see  Fig.  207)  with 
a  frame  saw.  Is  the  humerus  not  yet  absolutely  free,  remaining  shreds 
of  soft  parts  are  cut  close  to  the  bone.  The  sharp  edges  of  the  cut  bone 
surfaces  are  smoothed  down  with  a  rongeur.  Then,  by  pressing  on  the 
forearm,  the  articular  ends  of  the  radius  and  ulna  are  brought  out 
through  the  wound  and  also  sawed  across  just  below  the  radial  head.  (We 
must,  perhaps,  heed  Helferich's  advice  to  saw  the  radius  and  the  ulna 
with  a  very  narrow  blade  so  as  to  obtain  a  concave  surface  and  leave  be- 


hind a  kind  of  olecranon.  Naturally,  all  that  is  Igft  must  be  sound  tis- 
sue.) Whenever  possible,  the  epiphyseal  lines  (see  Fig.  203  on  page 
186)  must  be  spared.  With  knife  or  scissors  and  thumb  forceps,  the 
diseased  articular  capsule  is  now  excised  carefully;  let  us  now  remember 
also  the  recess  between  the  radius  and  ulna.  To  gain  access  to  the  latter, 
we  may  chisel  off  in  its  direction  a  little  bit  of  the  edge  of  the  ulna  and 
radius.  Drainage  through  the  upper  angle  of  the  wound  and  suture. 
The  articular  ends  are  well  brought  in  apposition.  Dressing  in  exten- 
sion going  from  the  armpit  to  the  carpus.  This  dressing  is  applied  on 
the  arm  in  extension,  because  we  have  a  large  sac  of  soft  parts  which 
has  to  retract  considerably,  if  the  new  articular  ends  are  to  be  connected 
together  a  little  firmly.  If  we  place  the  limb  from  the  start  in  right 
angle  flexion,  the  soft  parts  on  the  dorsal  side  remain  stretched  and 
cannot  shorten  enough,  and  a  more  or  less  loose  joint  is  the  result  A 
flail  joint  is  almost  absolutely  useless  without  a  splint  apparatus,  less 
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useful  anyway  than  a  limb  anchylosed  at  a  right  angle.  Such  an  eventual- 
ity is  safely  prevented  by  the  dressing  in  extension.  The  first  dressing 
is  left  in  place  two  weeks:  then  the  drain  and  stitches  are  removed.  If 
the  bones  are  already  in  good  and  firm  apposition  (but  this  does  not  gen- 
erally occur  before  four  weeks),  the  position  is,  little  by  little,  changed  to 
flexion,  each  dressing  being  changed  after  three  or  four  days,  till,  at  the 
end  of  eight  weeks,  all  dressings  are  altogether  removed,  and  massage, 
passive  and  active  motion,  and  medical  mechanical  exercises  are  started. 
If  one  follows  this  procedure,  one  will  obtain  a  very  remarkable  mobility, 
seldom  anchylosis,  and  very  seldom  loose  joints. 

In  resections  for  tuberculosis,  the  whole  wound  cavity  is  powdered 
with  large  crystals  of  iodoform,  and  the  latter  is  still  rubbed  into  the 
tissues  with  a  gauze  compress. 

Kocher's  incision  (according  to  his  surgical  text-book),  angular  or 
bayonet  incision,  runs  on  the  ridge  of  the  outer  surface  of  the  humerus 

(elbow  flexed  at  150°)  parallel  with  its  axis 
down  to  the  radial  head,  thence  curves  along 
the  outer  border  of  the  anconaeus  to  the  ulnar 
crest,  4  to  6  cm.  distally  of  the  tip  of  the 
olecranon ;  it  reaches  the  outer  border  of  the 
humerus  between  the  triceps  behind,  the 
brachio-radial,  and  the  superficial  extensors  of 
the  forearm  in  front ;  from  the  external  epi- 
condyle  down,  between  the  anconaeus  (which 
is  divided  farther  distally)  behind  and  the 
extensor  carpi  radialis  in  front,  it  reaches 
the  articular  capsule  which  is  opened  on  the 
radial  head,  the  annular  ligament  being  also 
Fig.  209.  divided  here.     Detachment  from  the  humerus 

of  the  external  head  of  the  triceps,  together 
with  the  periosteiun  and  the  posterior  and  superior  insertions  of  the  cap- 
sule; detachment  of  the  anconaeus  and  of  the  triceps  tendon  from  the 
ulna  and  the  olecranon  (this  is  done  by  chiselling  off  flat  chips  of  bone). 
The  arm  being  placed  in  extension,  the  triceps-anconaeus  flap  is  retracted, 
and  the  external  ligament  and  the  insertions  of  the  extensors  of  the  fore- 
arm are  separated  together  with  a  thin  layer  of  bone,  from  the  external 
condyle,  by  a  chisel  stroke,  whereupon  the  elbow  can  be  dislocated. 
Thus,  the  whole  extensor  system  remains  all  in  one  piece,  and  also  the 
internal  lateral  ligament  remains  till  then  intact.  According  to  indica- 
tions, when  the  dislocation  is  complete,  the  internal  lateral  ligament  is 
detached  from  the  inner  border  of  the  ulna,  from  the  inner  surface  of  the 
trochlea,  and  the  basis  of  the  epitrochlea,  as  well  as  the  muscles  inserted 
into  the  latter;  all  this  in  the  manner  described  previously,  or  together 
with  a  small  bony  layer.  Kocher  saws  as  Helferich,  along  a  curved  line, 
I  have  given  so  many  details  because,  in  fact,  this  method  gives  a  very 
wide  exposure  of  the  joint  without  causing  any  damage. 
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In  reBection  for  anchylosis,  particularly  after  gonorrhceal  inflamma- 
tions, Schmieden  recently  recommended  again  to  resect  the  humerus  and 
bones  of  the  forearm  along  a  curved  line,  so  as  to  prevent  union  between 
the  two  articular  surfaces  (see  Helferich's  schema.  Fig,  209)  and  to 
interpose  between  the  articular  ends  sparingly  resected  and  freahened,  as 
has  been  said  above,  a  pediculated  muscle  flap  taken  from  the  triceps. 
After  the  resection,  which  Bier  also  carries  out  essentially  after  Langeri' 
beck's  principles,  a  large  muscle  flap,  containing  also  part  of  the  triceps 
tendon,  is  placed  as  a  cap  over  the  lower  end  of  the  humerus  and  fastened 
by  a  few  fine  stitches  to  the  surrounding  soft  parts,  to  the  remaining  strips 
of  capsule  and  periosteum  on  the  anterior  surface  of  the  humerus  (Fig. 
210).  Complete  suture  of  the  wound,  fixation  for  eight  days  in  right 
angle  flexion,  then  daily  passive  movements  and  dressing  in  a  daily  modi- 
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fied  position.  When  the  scar  has  become  solid,  important  after-treat- 
ment with  active  and  passive  motion,  massage,  and  hot  air  hyperemia. 

RtMection  of  the  Shoulder-Joint. 

We  resect  also  the  shoulder-joint  by  Langenbeck's  subperiosteal  meth- 
od. Gunshot  wounds,  severe  acute  and  chronic  inflammations,  anchylo- 
sis, furnish  the  most  frequent  indications  for  that  operation. 

The  joint  must  be  opened  along  the  tendon  of  the  long  portion  of  the 
biceps,  which  glides  in  the  intertubercular  groove  covered  only  by  a  few 
fibres  of  the  coraco-humeral  ligament,  penetrates  into  the  joint  and  is  in- 
serted into,  or  rather  arises  from,  the  upper  margin  of  the  glenoid  cavity. 
The  muscles  inserted  into  the  greater  and  lesser  tuberosities  (outward 
rotators:  supraspinatua,  infraspinatus,  teres  minor  on  the  greater  tuber- 
osity; inward  rotators:  subscapularis  and,  farther  below,  teres  major  on 
the  lesser  tuberosity)  must  be  detached  subperiosteally  together  with  the 
ligaments  (coraco-humeral  ligament)  and  the  capsule,  so  as  to  render  the 
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head  freely  movable  for  resection.    If  one  brings  the  arm  in  the  position 

well  defined  on  Fig.  211,  the  biceps  tendon  and  the  deltoid  fibres  are  ex- 
actly brought  in  the  direction  of  the  line  of  incision,  which  will  be  now 

described.  The  arm  reposes 
on  the  thorax,  the  elbow  is 
flexed  at  a  right  angle,  the 
forearm  forms  a  45°  angle 
with  the  plane  of  the  table. 
The  surgeon  palpates  the 
tip  of  the  coracoid  process 
and  the  anterior  border  of 
the  acromion,  and  unites 
both  points  by  a  line  (see 
Fig.  212) .  The  middle  point 
of  this  line  gives  the  place 
where  to  incise  through  skin 
and  fascia  down  to  the  del- 
toid fibres  in  the  direction 

of  the  axis  of  the  arm  from  the  border  of  the  collar-bone  to  a  point 

slightly  above  the  surgical  neck  of  the  humerus.     The  fibres  of  the 

deltoid  muscle  are  bluntly  separated  in  the  direction  of  the  incision,  the 

lips  of    the    wound  are   drawn    apart 

toward  each  side  by  means  of  blunt  re- 
tractors.    Now  we  see  and  feel  in  the 

bicipital  groove  the  biceps  tendon;  at 

the  point  it  leaves  the  groove,  a  Roser 

hollow  director  is  inserted  in  said  groove 

and  pushed  upward  as  high  as  possible. 

On  this  director  we  splits  with  a  strong 

bone  knife  the  edge  of  which  is  turned 

ventrally,  the  capsule  up  to  the  lower 

border  of  the  clavicle  (Fig.  213).     If  we 

now  let  the  capsule  gap,  we  already  see 

part  of  the  cartilaginous  surface.     The 

first  step  is  to  **peer'   the  soft  parts 

off  the  lesser  tuberosity.     An  assistant 

grasps  the  arm  flexed  at  a  right  angle 

at  the  elbow,  and  places   it  in   slight 

abduction  and  outward   rotation.     The 

surgeon  lifts  with  a  strong  mouse-tooth 

dissection  forceps  the  capsular  insertion 

in   its  upper    portion,    and,    beginning 

with  said  upper  portion  and  always  keeping  below  on  the  inner  lip  of 

the  bicipital  groove,  cuts  by  short  strokes  of  the  knife  against  the  bone, 

the  capsule,  muscular  insertions,  and  periosteum  of  the  lesser  tuberosity. 

On  the  humerus  below,  an  elevator  may  also  be  used.     As  the  assistant 
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progressively  rotates  the  arm  more  and  more  outward,  the  divided 
structures  seem  to  shrink  toward  the  inner  side.  Thus  the  surgeon 
reaches  more  and  more  the  internal  and  posterior  side  of  the  humerus 
where  the  capsule  is  inserted  considerably  deeper  than  forward  and 
upward.  Finally,  the  whole  lesser  tuberosity  is  denuded  and,  in  ex- 
ternal rotation  of  the  arm,  half  the  anterior  surface  and  all  of  the 
internal  surface  of  the 
humeral  head  come 
into  view.  Now  the 
biceps  tendon  is  lifted 
away  from  its  bed  and 
deflected  inward.  The 
assistant  extends 
somewhat  the  arm  at 
the  elbow,  so  as  not  to 
be  hindered  by  the 
body  of  the  patient  in 
the  inward  rotation  of 
the  arm  which  is  to 
follow.  Exactly  in  the 
same  way,  all  capsular, 
muscular,  and  liga- 
mentous insertions  are 
detached  from  the 
greater  tuberosity,  be- 
ginning on  the  outer 
lip  of  the  bicipital 
groove,  till  the  outer 
anterior,  lateral  and 
posterior  half  of  the 
humeral  head,  is  in  full 
view.  If,  now,  we  have 
the  soft  parts  strongly 
drawn  apart  while  the 
elbow  is  lowered,  the 
wholedenuded  humeral 
head  is  easily  brought  out  forward  through  the  wound  and  sawed  off  hori- 
zontally with  a  frame  saw  below  the  cartilaginous  articular  surface.  If 
the  sawing  is  effected  lower  distally  on  the  humerus,  then  the  axillary 
nerve,  winding  from  t>ehind  forward  around  the  surgical  neck,  and  the 
circumflexa  humeri  artery  are  in  danger.  Respecting  the  position  of  the 
epiphyseal  line,  see  Fig.  203.  The  edges  of  the  sawed  surface  are 
evened  and  rounded  with  a  rongeur.  Some  surgeons  detach  also  the  liga- 
mentous and  muscular  insertions  from  the  tuberosities,  either  structure 
after  structure,  or  in  toto  by  means  of  a  chisel.  If,  now,  the  edges  of  the 
wound  are  strongly  retracted,  and  the  arm  is  vigorously  drawn  down- 
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ward,  the  whole  articular  cavity  can  be  inspected  and  the  diseased  cap- 
sule can  be  well  excised  with  a  dissection  forceps  and  a  pair  of  scissors: 
the  glenoid  cavity  is  also  examined,  and  eventually  a  part  or  the  whole  of 
it  is  removed  with  a  suitable  broad  chisel.  In  tuberculous  cases,  do  not 
forget  to  rub  the  walls  of  the  cavity  with  coarse  crystallized  iodoform. 
Then  push  strongly  a  dressing  forceps  through  the  cavity  and  the  pos- 
terior soft  parts  of  the  joint,  so  as  to  burrow  a  channel  for  a  drain, 
incise  on  the  tip  of  the  forceps,  and  forthwith  draw  the  drainage-tube 
from  without  inward.  Next,  the  wound  is  completely  closed  in  front. 
In  the  dressing,  a  thick  pad  of  gauze  or  absorbent  cotton  must  be  placed 
in  the  armpit,  so  as  to  prevent  the  humeral  head  from  sliding  down- 
ward away  from  the  glenoid  cavity  and  getting  into  the  axilla.  The 
dressing  embraces  the  arm,  the  diseased  shoulder,  and  the  thorax.  The 
forearm  and  the  hand  rest  in  a  sling.  The  patient  must  remain  in  bed 
till  the  first  change  of  dressing,  after  six  or  eight  days ;  if  desired  to  get 
him  sooner  out  of  bed,  it  is  better  to  drain  also  through  the  lower  angle 
of  the  anterior  incision.  After  six  to  eight  days,  the  drains,  and  gener- 
ally the  stitches,  are  removed,  a  few  cautious  movements  are  executed 
with  the  arm,  and  a  new  dressing  similar  to  the  first  is  applied.  Then 
start  methodical  active  Arid  passive  movements  and  massage,  but,  at 
the  beginning,  beware  of  extensive  excursions,  especially  in  the  direc- 
tion of  abduction.  Almost  always  a  good,  frequently  even  a  normal, 
mobility  is  obtained. 

I  must  still  mention  that  Bardenheuer  applies  a  dressing,  the  arm 
being  strongly  elevated,  proceeding  from  the  thought  that  the  adduction 
position  will  be  spontaneously  realized  by  the  weight  of  the  arm  itself, 
that,  therefore,  the  first  position  ought  to  represent  the  maximum  that 
can  be  reached,  and  that  the  retracted  muscles  should  be  thus  given  a 
chance  to  heal  only  in  correct  position. 

Some  have  also  exposed  the  shoulder-joint  through  a  posterior  incision 
descending  vertically  from  the  acromion ;  or  through  an  oblique  anterior 
incision  between  the  pectoralis  major  and  the  anterior  and  inner  border 
of  the  deltoid;  others  still  through  the  axillary  cavity  as  for  the  ligation 
of  the  axillary  arterj%  or  through  a  posterior  angular  incision  (after 
Kocher)  with  detachment  of  an  acromio-deltoid  flap.  This  last  method 
is  complicated,  but  gives  a  remarkably  wide  opening  of  the  joint  The 
oblique  incision  along  the  anterior  and  inner  border  of  the  deltoid  spares 
the  latter  muscle,  but  otherwise  it  differs  only  slightly  in  its  execution 
from  the  above-described  method  of  Langenbeck, 

To  secure  drainage  in  suppurative  conditions  and  in  severe  cases  of 
gonorrhoeal  joint  inflammations  not  curable  by  other  means,  we,  as  a 
rule,  open  the  joint  by  Lan(jcfihirk\^  resection  incision  (therefore,  along 
the  biceps  tendon),  and  through  such  an  incision  establish  a  posterior 
drainage  as  described  above.  I  insert  very  thick  rubber  tubes,  so  as  to 
keep  the  joint  widely  gaping,  leave  the  skin  incision  largely  open,  and 
pack  loosely  with  iodoform  gauze. 
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Resection  and  Extirpation  of  the  Scapula. 

This  operation  is  performed  for  acute  and  chronic  osteomyelitis, 
tuberculosis,  and  malignant  tumors,  and  always  gives  still  good  func- 
tional results,  even  after  removal  of  the  whole  scapula  with  a  segment 
of  clavicle  and  the  humeral  head.  This  operation  must  always  be  consid- 
ered instead  of  the  gravely  mutilating  removal  of  the  arm  together  with 
the  bony  scapulo-clavicular  belt. 

Partial  resections,  such  as  undertaken  most  frequently  for  tubercu- 
losis, require  variable  lines  of  incision  according  to  cases.    In  acute  osteo- 
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myelitis,  which  has  a  marked  tendency  to  cause  diffuse  phlegmons  in  the 
vicinity,  Bockenheimer  advises  early  subperiosteal  resection  of  the  whole 
shoulder-blade.  From  X-ray  pictures,  he  was  able  to  conclude  that  an 
almost  complete  regeneration  of  the  scapula  took  place.  The  function 
also  becomes  again  perfect.  The  same  author  asserts  that  partial  resec- 
tion in  osteomyelitis  leads  easily  to  recurrence. 

Total  Extirpation  of  the  Scapu/a.— Incision  starting  from  the  acro- 
mion, running  along  the  spine  of  the  scapula  to  the  inner  border  of  the 
latter  bone:  second  incision  from  the  inner  (postero-superior)  angle  to 
the  lower  angle.  The  lower  and  upper  edges  of  the  trapezius  and  latissi- 
mus  dorsi  can  be  drawn  with  bl^int  hooks  downward  and  upward  respec- 
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lively.  So  as  to  allow  the  reader  to  orientate  himself  better  in  the  some- 
what complicated  anatomical  relations,  I  give  in  Fig.  214,  a  diagram 
inspired  from  an  illustration  of  Coming^s  text-book.  First,  the  soft 
parts  (chiefly  formed  by  the  supra-  and  infraspinatus  muscles)  are  de- 
tached subperiosteally  with  elevator  and  knife  from  the  spine  of  the 
scapula  upward  and  downward,  until  the  three  borders,  upper,  vertebral, 
and  axillary,  are  reached ;  the  acromion  is  chiselled  off  at  its  origin  from 
the  spine  and  the  coracoid  process  at  its  basis  (avoid  the  suprascapular 
nerve  passing  under  the  ligamentum  transversum  scapulae  and  through 
the  acromion  and  with  which,  but  separated  from  him  for  a  short  distance 
by  the  above-mentioned  ligament,  runs  the  arteria  transversa  scapulae ; 
the  latter  can  be  ligated  here).  These  two  fragments  of  bone  can  be 
subsequently  extirpated.  Now  we  free  subperiosteally  the  muscles 
inserted  into  the  vertebral  and  axillary  borders,  the  lower  and  inner 
angles,  grasp  the  shoulder-blade  at  its  lower  angle,  and  lift  it  high 
upward  and  outward,  so  as  to  render  accessible  its  anterior  (costal)  sur- 
face. Here,  also,  subperiosteal  detachment  of  the  subscapularis  and 
serratus  anticus  muscles.  If  we  now  draw  strongly  the  shoulder-blade 
down,  it  simply  hangs  by  the  articular  capsule  and  the  thin  omohyoid 
muscle.  If  we  can  spare  the  joint,  a  curved  elevator  is  carried  on  each 
side  of  the  coUum  scapulae,  which  is  separated  from  the  body  of  the  bone 
by  means  of  a  hand-saw :  near  the  lower  edge,  we  must  pay  attention  to 
the  circumflexa  scapulae  artery.  As  to  the  after-treatment,  a  firm  bandage 
is  applied  in  abduction  and  outward  rotation  {Middeldorpff* s  triangle). 
Once  the  wound  has  healed,  early  motion  and  exercise  treatment 

Entirely  different,  however,  is  our  procedure  in  malignant  timiors,  in 
which  an  unsparing  removal  of  the  shoulder-blade,  together  with  the  sur- 
rounding muscles,  oftentimes  also  a  more  or  less  large  segment  of  the 
clavicle  and  the  humerus,  is  indispensable.  The  active  usefulness  of  the 
shoulder  is  practically  annihilated,  but,  as  Kocher  justly  remarks,  the  con- 
servation of  the  function  of  the  elbow-joint  and  the  forearm  has  a  great 
importance. 

Incisions  exactly  as  above.  Dissection  upward  and  downward,  respec- 
tively, of  the  two  skin  flaps  thus  formed.  The  latissimus  dorsi  is  drawn 
downward  togeth(»r  with  the  lower  flap;  above,  the  trapezius  is  under- 
mined, and  is  divided  as  well  as  the  deltoid  from  the  spine  of  the  bone 
to  the  tip  of  the  acromion.  Eventually,  when  the  tumor  has  involved 
those  muscles,  they  are  cut  across  farther  distally  and  proximally  and 
excised.  When  the  acromion  and  coracoid  process  may  be  kept,  they  are 
detached,  as  said  above.  Now  we  can  free  the  vertebral  border  and  the 
inner  angle  from  their  muscular  insertions  by  successively  undermining, 
from  below  upward,  with  a  blunt  instrument  the  rhomboidei,  major  and 
minor,  and  the  levator  scapulae,  and  cutting  them.  On  the  outer  border 
of  the  levator  scapulae  we  have  to  ligate  the  transversa  colli  artery. 
The  descending  branch  of  said  artery  runs  between  the  rhomboidei  and 
the  superior  serratus  posterior  down  along  the  vertebral  border  of  the 
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scapula,  and  may  be  ligrated  also  on  the  external  edge  of  the  levator 
scapulae.  If,  now,  the  shoulder-blade  is  lifted  upward  and  outward,  we 
82e  the  insertions  of  the  serratus  anterior,  which,  inserted  into  the 
costal  aspect  of  the  bone  from  the  inner  to  the  lower  angle,  is  divided 
about  3  cm.  away  from  the  vertebral  border  of  the  bone,  and  then  we 
reach  the  smooth  subscapular  muscle.  Then 
we  direct  our  attention  toward  the  artic- 
ular part  of  the  bone  which  eventually 
may  be  spared:  this  does  not  modify  the  es- 
sential features  of  the  operation.  Above  the 
spine,  we  undermine  and  divide  the  supra- 
spinatus  muscle  and  the  ligamentum  transver- 
sum  scapuls  going  to  the  coracoid  process; 
below  the  spine,  the  infraspinatus  spreading 
broadly  over  the  humeral  head,  the  long  head 
of  the  triceps  inserted  into  the  postero- 
inferior  edge  of  the  glenoid  cavity  and  under 
which  appears  and  is  ligated  the  circumflexa 
scapuls  artery.  If  the  glenoid  cavity  can  be 
saved,  the  triceps  also  remains  and  the  ad- 
joining part  of  the  bone  is  sawed  by  means 
of  a  hand-saw,  beginning  on  its  upper  side. 
Under  the  long  head  of  the  triceps,  we  divide 
across  the  teres  major.  Now  we  open  the 
articular  capsule  from  behind,  avoiding  in- 
juring the  posterior  circumflex  artery  and  the 
axillary  nerve,  we  draw  strongly  the  scapula 
backward,  the  humerus  outward,  and  divide 
the  anterior  part  of  the  articular  capsule  to- 
gether with  the  tendon  of  the  subscapularis 
inserted  into  the  lesser  tuberosity.  One  single 
muscle  still  remains,  the  thin  omohyoid,  which 
tears  spontaneously,  or  is  easily  severed. 
Kocher  lays  great  stress  on  the  stitching  of 
the  humerus  to  the  clavicle  or  the  acromion 
by  means  of  silk  threads  (Lennander  has 
subsequently  done  the  same  with  aluminum 
bronze  wire),  using  to  that  effect  the  rem- 
nants of  capsule  and  tendons,  and  on  the 
occasionally  possible  suture  of  the  trapezius  with  the  deltoid.  He  applies 
a  dressing,  as  Bardenheuer,  in  elevation  and  abduction. 

2.  Resections  of  the  Lower  Umb 
Resection  of  the  Ankle. 

This  is  performed  by  far  most  frequently  on  account  of  tuberculosis. 
.The  oH    lAivgpnbeck   line  of   incision  for   resection   of  the  ankle   is 


)f  the  bone,  and  then  we 
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shown  on  Fig.  216.  (Fig.  215  indicates  the  position  of  the  epiphyseal 
lines,  the  preservation  of  which  is  particularly  important  in  growins 
individuals.)  Through  such  an  incision,  about  5  to  6  cm.  long,  the 
internal  and  external  malleoli  are  sawed  off  separately  with  a  hand-saw 
after  subperiosteal  denudation  of  the  anterior  and  posterior  sarface  of 
the  tibia  and  fibula.  The  astragalus  is  also  sawed  off  horizontally  in  a 
similar  way.     Therefore,  both  malleoli  fall,  all  articular  ligaments  are 


Fig.  216. 


severed,  and  it  is  difficult  to  prevent  the  opening  of  the  various  tendinous 
sheaths  situated  behind  the  malleoli;  finally,  these  tendons  lose  their 
beds.  Consequently,  when  a  firm  bony  union  does  not  occur  between  the 
tibia  and  astragalus,  the  latter  has  no  firm  support,  and  the  result,  even 
with  the  wearing  of  a  splint  shoe  or  brace,  is  only  middling.  These 
several  drawbacks  are  done  away  with  in  Koenig's  technique,  as  it  pre- 
serves the  malleoli  with  the  various  ligamentous  insertions  thereinto,  and 
leaves  the  tendons  and  their  sheaths  absolutely  intact. 

Koenig  makes  two  incisions,  one  internal  on  the  tibia  somewhat 
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more  proximal  than  the  outer  on  the  fibula,  which  reaches  a  little  farther 
down  (see  dotted  line  on  Fig.  216  and  Fig.  217).  The  tibial  incision  be- 
gins 5  to  6  cm.  above  the  joint  on  the  anterior  crest  of  the  tibia,  keeps 
along  the  latter  and  extends  only  a  little  beyond  the  articular  line,  to 
about  the  level  of  the  tuberosity  of  the  scaphoid.  It  goes  down  to  the 
bone  through  the  skin  and  periosteum,  and  opens  right  away  the  tibio- 
peroneo-astragalian  joint.  The  outer  incision  begins  about  4  to  5  cm. 
above  the  articular  line,  on  the  fibula,  outside  of  the  bunch  of  tendons  of 
the  long  extensors,  and  is  carried  down  to  the  end  of  the  sinus  tarsi ;  it 
divides,  above,  the  skin  and  periosteum,  below,  the  skin  and  articular 
capsule.  The  thus  formed  skin-tendon-capsule  bridge  (see  Fig.  217)  is 
detached  from  the  tibia  and  astragalus  by  means  of  elevators,  dissec- 
tion forceps,  and  knife.  Now,  we  can,  by  placing  the  foot  in  dorsal 
flexion,  render  the  anterior  part  of  the  capsule  well  accessible  and  easily 
extirpate  from  the  inner  and  outer  incisions  all  diseased  parts,  and  thor- 


FiG.  217. 

oughly  inspect  the  anterior  segment  of  the  joint.  A  broad  chisel  is  now 
placed  in  a  sagittal  direction  in  front  of  the  malleolus,  and  a  slice  of  bone 
as  thick  as  possible  is  cut  off  in  the  manner  sketched  in  Figs.  218a  and 
2186,  the  chisel  going  from  the  anterior  surface  of  the  bone  backward. 
This  is  easy,  on  the  inner  as  well  as  on  the  outer  malleolus,  if  the  chisel 
is  xised  as  a  lever.  This  slice  is  left  in  connection  with  the  periosteum 
above  and  below  with  a  detached  chip  of  bone  carrying  the  ligamentous 
insertions.  By  having  an  assistant  draw  this  slice  of  bone  backward, 
we  are  enabled  to  free  with  an  elevator  the  periosteum  from  the  posterior 
surface  of  the  tibia  and  fibula.  Now  two  curved  elevators  are  introduced 
through  the  internal  incision,  one  in  front  of,  one  behind,  the  bone,  and 
carried  around  the  latter  until  their  points  meet,  and  with  a  broad  cut- 
ting chisel  whatever  is  left  of  the  tibia  and  of  the  fibula  is  cut  horizon- 
tally (Fig.  219).  With  two  Langenbeck  hooks  introduced  in  the  wound, 
one  through  each  incision,  in  the  manner  shown  in  Fig.  219,  an  assistant 
now  draws  forward  the  bridge-shaped  flap,  and  with  a  two-pronged 
retractor,  the  malleolar  bone  flaps,  the  head  of  the  astragalus  is  sawed 
or  chiselled  off  horizontally  (Fig.  219)  from  the  body  of  the  bone.  If, 
now,  we  pull  strongly  the  foot  down  and  retract  the  bridge  of  soft  parts 
and  the  malleolar  bone-flaps,  the  detached  block  of  tibia  and  astragalus 
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can  easily  be  grasped  in  a  bone  forceps;  it  is  liberated  from  the  still 
adhering  posterior  parts  of  the  capsule  and  removed.  Then  the  cavity 
can  be  well  surveyed  and  cleaned  of  all  diseased  tissue  (Fig.  220).  h 
the  astragalus  still  further  diseased,  it  must  be  denuded  through  the 
inner  and  outer  incisions  and  extirpated.  Treatment  of  the  joint  with 
iodoform.  A  drain  is  placed  in  each  incision,  eventually  one  more  is 
made  to  come  out  close  to  the  edge  of  the  tendo  Achillis.  Suture  of  the 
wound.  The  slices  of  bone  are  firmly  pressed  against  the  bone  and  the 
sawed  surfaces  of  the  astragalus  and  of  the  tibia  are  brought  one  against 
the  other.     Contentive  dressing  in  right  angle  position  of  the  foot  as  to 


Fig.  218a. 


Fig.  2186. 


the  leg.  When  the  incisions  have  healed,  a  special  boot  with  internal 
and  external  splints  is  worn  at  first.  Later,  after  six  months  or  a  year, 
the  patient  may  again  wear  any  kind  of  shoes,  and  nothing  is  seen  but  a 
small  shortening  of  the  foot. 

Kocher  incises  through  the  skin  and  fascia  along  the  external  border  of 
the  Achilles'  tendon  and  circles  around  the  external  malleolus  down  to 
the  level  of  the  astragalo-calcaneal  joint  and  forward  to  the  tendon  of  the 
peroneus  tertius  {spare  behind  the  external  saphenous  nerve  and  the 
lesser  saphenous  vein,  and,  in  front,  the  superficial  saphenous  nerve). 
The  sheaths  of  the  tendons  of  the  long  and  short  peroneal  muscles  are 
slit  in  an  upward  direction  along  the  fibula;  eventually,  the  tendons  are 
severed  level  with  the  tip  of  the  malleolus,  to  be  again  sutured  later. 
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Denudation  of  the  external  malleolus  from  behind  forward.  Opening  of 
the  joint  in  front  of  the  external  malleolus,  freeing  of  the  capsular  inser- 
tions from  the  outer  surface  of  the  astragalus  and  detachment  of  the 
astragalo-fibular  and  astragalo-calcaneal  ligaments  close  to  the  tip  of  the 
malleolus;  and  subperiosteal  detachment  from  behind  forward  of  the  cap- 
sular insertions  into  the  anterior  and  posterior  surfaces  of  the  tibia. 
Then,  the  foot  can  be  dislocated  inward  and  the  whole  joint  examined. 


Fig.  219. 


The  further  procedure  is  guided  by  the  then  found  conditions.     After- 
treatment  in  a  plaster  cast. 

Oateoplattic  Retection  of  the  Foot  after  Wladimiroui'Mikulicz. 

This  operation  is  performed  for  extensive  tuberculous  lesions  of  the 
posterior  tarsus,  ulcerative  destructions  in  the  region  of  the  heel,  deep 
injuries  of  the  latter,  and  also  for  malignant  tumors  of  the  heel  and 
paralytic  equino-varus  foot  This  method,  which  converts  a  plantigrade 
into  a  digitigrade,  has  undergone  many  modifications,  made  necessary 
partly  by  extension  of  the  disease  to  places  which  have  to  remain  in  the 
typical  Wladimirow-Mikulicz  operation,  and  partly  also  by  the  desire 
not  to  sacrifice  so  much  healthy  tissue,  to  avoid  cutting  the  tibial  nerve 
and  the  posterior  tibial  artery,  and  to  preserve  at  least  something  of  the 
normal  sole-walking.  I  shall  confine  myself  to  a  description  of  the  origi* 
nal  method  (Fig.  220a). 
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1.  Stirrup-shaped  incision  through  the  sole  correBponding  to  the  base 
of  the  plantar  flap  iA  L^franc's  tarso-metatarsal  exarticulation,  but  car- 
ried a  little  farther  dorsally.  2.  Horizontal  incision  at  the  level  of  the 
ankle-joint  uniting  the  posterior  borders  of  both  malleoli.  3.  Internal 
and  external  oblique  incisions,  uniting  together  the  upper  end  of  the 
stirrup  incision  with  the  anterior  end  of  the  horizontal  incision  on  the 
same  side  of  the  foot.     Therefore,  the  whole  skin-cap  of  the  heel  falls. 


Fig,  220. 


and  a  bridge-shaped  flap  is  preserved  on  the  back  of  the  foot  Section 
of  the  Achilles'  tendon  behind  and  penetration  from  this  side  into  the 
joint  which  is  made  to  gap  by  strong  dorsal  flexion  of  the  foot.  Denuda- 
tion and  removal  of  the  lower  ends  of  the  tibia  and  flbula,  together  with 
the  malleoli.  The  foot  being  strongly  flexed,  or  direct  traction  being 
exerted  on  the  heel  region,  the  bones  of  the  tarsus  are  enucleated  fnnn 
the  soft  parts  until  we  can  saw  through  the  tarsus  in  a  frontal  plane 
either  far  distally  through  the  metatarsus  or  more  proximally  through 
the  second  row  of  tarsal  bones,  according  to  the  particular  circumstances 
of  the  case.  This  tarsal  or  metatarsal  surface  of  section  is  implanted  on 
the  tibial  and  fastened  there.    The  result  is  an  artificial  equinus  foot 
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ReMection  of  the  Knee- Joint. 

This  resection  also  is  moat  frequently  perfonned  for  tuberculosis,  but 
also  for  severe  suppurations,  anchylosis  in  bad  position,  and  marked 
forms  of  arthritis  deformans. 

Langenbeck  has  proposed  a  medial  incision,  Kocher  resorts  to  an 
external  bayonet-shaped  incision.  The  incisions  most  frequently  used, 
and  also  the  simplest,  as  Kocher  himself  admits,  are  the  transversal.    We 


Operation  finished 

Artificial  equinu*  cliib-fooi. 


always  employ  Volkmann'a  transversal  incision  with  sawing  of  the  knee- 
cap. As  we  do  not  aim  to  obtain  a  movable  joint  but,  on  the  contrary, 
want  to  have  as  soon  as  possible  an  anchylosis  in  correct  position,  the 
transversa]  division  of  the  extensor  system  (which,  moreover,  will  be 
later  reunited)  has  no  such  drawbacks  as  would  compel  us  to  give  up 
this  simple  method  which  affords  an  excellent  exposure  of  all  the 
many  recesses  of  the  knee-joint  Other  incisions  are  put  forward  by 
Textor,  bow-shaped  incision  with  concavity  upward  and  section  of  the 
patellar  ligament,  and  by  Hakn,  bow-shaped  incision  with  convexity 
upward  and  division  of  the  quadriceps  (see  Fig.  221).  When  using 
VoUcmann's  incision,  mark  the  points  of  both  femoral  epicondyles  and 
the  middle  of  the  kneecap,  and  make  through  those  three  points  an 
incision  penetrating  at  once  down  to  the  bone.  The  kneecap  is  sawed 
through,  the  knee  being  slightly  flexed,  because  in  this  position  the  knee- 
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cap  fits  spontaneously  in  the  patellar  notch  of  the  feniur  (in  children  hav- 
ing a  cartilaginous  or  still  little  ossified  patella,  the  latter  may  be  cut 
with  a  bone  knife).  By  means  of  two-pointed  sharp  hooks,  the  lower 
half  of  the  kneecap  is  fastened  by  its  cartilaginous  face  and  completely 
hinged  downward;  eventually,  we  must  previously  still  divide  trans- 
versely the  lateral  ligaments  and  the  lateral  parts  of  the  capsule  along 
the  course  of  the  skin  incision.  Thus  we  expose  the  antero-inferior 
recess  of  the  joint  in  front  of  the  tibia.    The  synovial  membrane  is 

incised  semicircularly 
around  the  borders  of 
the  lower  half  of  the 
patella  and  carefully, 
dissected  away,  to- 
gether with  the  semi- 
lunar cartilages,  from 
the  posterior  surface 
of  the  patellar  liga- 
ment and  from  the 
tibia.  Thereby  we  re- 
move the  synovial 
membrane  and  the  sub- 
synovial  fatty  tissue, 
but  we  leave  in  place 
the  healthy  ligaments. 
This  detachment  of  the 
antero-inferior  recess 
is  carried  to  the  pos- 
terior circumference 
of  the  tibia.  The  sy- 
novial flap  may  be 
cut  off  here,  or  we 
may  leave  it  so  as  to 
extirpate  the  synovial 
sac  Mi  tote.  Then  the 
^  upper  half  of  the  knee- 

cap is  similarly  turned 
upward,  for  which  it  is  often  necessary  to  incise  still  a  little  the  lateral 
ligaments  in  a  longitudinal  direction.  For  this  purpose  an  ordinary 
knife  is  inserted  and  laid  flat  between  the  capsular  insertions  and  the 
femoral  condyles,  and  its  cutting  edge  is  turned  inward  or  outward 
as  the  case  may  be.  Then  the  anterior  and  upper  recess  is  dissected 
away  just  as  the  lower,  beginning  on  the  cartilaginous  surface  of  the 
patella  and  going  to  that  of  the  femur.  Now  the  whole  flap  is  turned 
downward  on  the  condyles.  To  gain  access  to  the  posterior  recess,  the 
hip  is  flexed  at  a  right  angle,  and  the  knee  at  an  acute  angle  (Fig.  222). 
An  assistant  lays  the  hand  Hat  in  the  hollow  of  the  knee  and  draws  the 
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thigh  upward ;  the  leg  hangs  down,  suspended  only  by  the  crucial  liga- 
ments. These  are  severed  in  the  intercondylar  notch — to  this  effect,  the 
knife  is  laid  flat  on  the  inner  side  of  one  of  the  condyles,  then  carried  to 
the  other  side  of  the  notch,  following  closely  the  bone;  thus  injury  to  the 
popliteal  vessels  is  excluded,  as  the  vessels  in  the  region  of  the  upper 
and  posterior  recess  are  still  separated  by  a  thick  layer  of  fatty  tissue  from 
the  articular  capsule  and  the  bone,  and  come  nearer  these  structures  only 
lower,  at  the  level  of  the  posterior  circumference  of  the  head  of  the  tibia. 
Once  the  crucial  ligaments  have  been  cut,  the  leg  falls  completely  down- 
ward and  the  part  of  the  capsule  situated  behind  the  femoral  condyles^ 
unfolds  spontaneously.     Beginning  at  its  femoral  insertion,  said  capsule 


Fig.  222. 


Fig.  223. 


is  dissected  in  continuity  with  the  previously  freed  upper  and  anterior 
recess,  until  the  middle  of  the  hollow  of  the  knee,  that  is,  as  far  as  one 
can  go.  We  still  have  the  posterior  and  lower  articular  recess  behind 
the  tibia,  which  is  rendered  accessible  in  the  manner  shown  by  Fig.  223. 
The  closed  hand  of  the  assistant  placed  in  the  popliteal  fossa  acts  as  a 
fulcrum,  the  other  grasps  the  foot  and  using  the  leg  as  a  lever  and  press- 
ing on  the  distal  end  of  the  limb,  brings  the  upper  end  of  the  tibia  away 
from  the  thigh.  Beginning  on  the  tibial  circumference,  the  capsule  is 
detached  together  with  the  lower  and  anterior  recess  and  the  semi- 
lunar cartilages  until  the  popliteal  fossa  is  reached.  The  flap  so 
detached  shows  two  circular  openings  corresponding  to  the  insertions  of 
the  capsule  into  the  femur  and  tibia.  If  one  proceeds  methodically  in 
this  way,  one  will  be  certain  not  to  leave  behind  any  of  the  diseased 
synovial  membrane,  which  is  the  capital  point  in  resection  of  the  knee 
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and  al^o  in  the  so-called  arthrectomy  for  tuberculosis.  Now  only  we 
turn  our  attention  to  the  bone.  In  growing:  individuals,  the  only  Uiing 
to  do  is  to  even  with  a  bone  knife  the  cartilage  wherever  it  is  eroded. 
Whatever  foci  there  may  be  in  the  bone  are  thereby  made  apparent,  and 
they  are  cut  or  chiselled  away.  A  partial  removal  of  the  epiphyseal  carti- 
lage does  not  entail  any  important  disturbance  in  the  growth.  At  the 
time  of  sawing  the  kneecap,  the  condition  of  the  latter  has  been  ascer- 
tained. In  the  typical  resection,  which  we  must  use  as  seldom  as  really 
possible  in  young  subjects,  the  bone  is  now  sawed  as  sparingly  as  can 
be,  and  in  such  a  way  that  when  adapted  together,  thigh  and  leg  viewed 
from  in  front  form  a  perfectly  straight  line,  and  viewed  from  the  side  a 
very  obtuse  angle  opened  backward.  In  Fig.  224  the  white  dotted  line 
shows  the  axis  of  the  femur,  the  through  white  lines  indicate  the  sur- 
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faces  of  sawing.  The  slight  flexion  thus  obtained  later  makes  the  step 
more  elastic,  because  the  patient  touches  first  the  floor  with  the  end  of  the 
foot  and  is  compelled  to  unroll  the  sole  from  the  ground.  In  young  sub- 
jects this  slight  flexion  must,  however,  be  avoided,  on  account  of  the 
danger  of  seeing  it  exaggerated  by  muscular  retraction.  Therefore,  the 
sawing  is  effected  perpendicularly  to  the  axis  of  the  femur  and  tibia  in  a 
transversal  direction,  and  so  that  in  a  sagittal  plane  there  remains  on 
each  bone  a  little  more  in  front  than  behind.  From  the  tibia,  only  a 
very  thin  disc  is  removed.  The  sharply  projecting  remaining  dorsal  part 
of  the  femoral  condyles  is  eventually  also  cut  down  with  a  chisel  in  a 
frontal  direction.  The  joint  cavity  is  powdered  with  coarse  iodofonn 
crystals.  Now  the  leg  is  again  placed  horizontally,  the  kneecap  is 
sutured  with  strong  catgut  (see  suture  of  the  kneecap)  or  also  with 
metallic  wire,  and  the  laterally  divided  articular  ligaments,  the  remnants 
of  the  fibrous  capsule  and  the  periosteum  of  the  anterior  surface  of  the 
kneecap  are  united  by  a  few  catgut  stitches  (Koenig  makes,  as  a  rule,  an 
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internal  and  an  external  continuous  catgut  suture).  In  each  of  the  pos- 
terior angles  of  the  wound,  inner  and  outer,  a  thick  drainage-tube  is  left. 
Ligatures  are  generally  superfluous.  Interrupted  suture  of  the  skin. 
Then  the  limb  is  elevated  vertically.  An  assistant  grasps  the  leg  behind 
and  above  the  foot,  the  thigh  in  front  at  the  middle  level,  and  takes  care 
that  during  the  application  of  the  dressing  the  sawed  surfaces  placed  in 
apposition  do  not  slide  on  one  another.  A  wound  dressing  surrounds  the 
knee-joint:  then  the  limb  from  the  tip  of  the  trochanter  down  to  the 
malleolus  is  enclosed  in  plaster  and  kept  strongly  elevated  for  the  first 
twenty-four  hours.  The  dressing  is  first  changed  after  two  weeks,  the 
drains  and  the  stitches  are  then  removed,  a  new  plaster  cast  is  made  which 
will  remain  three  or  four  weeks.  In  many  cases  a  bony  union  has  then 
already  occurred.  Otherwise,  a  walking  plaster  cast  or  a  celluloid  sheath 
must  be  worn  as  long  as  the  knee  is  still  weak. 

Helferich  (according  to  Kocher,  Metzger  and  Fenwick  had  said  this 
before  him)  recommends,  in  orthopedic  resections,  to  use  a  narrow  saw- 
blade  and  to  saw  the  femur  along  a  convex,  the  tibia  along  a  concave, 
line  (see  Fig.  209). 

On  account  of  the  danger  of  contracture  of  the  flexor  muscles,  it  has 
been  advised  to  graft  primarily  part  of  the  flexors  on  the  extensors. 
The  sartorius,  semitendinosus,  semimembranosus,  and  biceps  have  been 
thus  treated. 

Kocher's  incision  (see  Fig.  221)  begins  above  on  the  vastus  extemus,  a 
hand's  breadth  above  the  upper  border  of  the  kneecap,  descends  at  first 
vertically  on  the  outer  side  of  the  limb  at  about  a  finger's  breadth  from 
the  external  border  of  the  kneecap,  then  curves  coward  the  middle  line 
to  end  on  this  line  below  the  tip  of  the  tibial  tuberosity.  Incision 
of  the  fascia  on  a  grooved  director,  of  the  outer  edge  of  the  vastus  ex- 
temus, of  the  capsule,  of  the  cuter  border  of  the  patellar  ligament.  The 
tibial  tuberosity  is  chiselled  away.  The  external  semilunar  cartilage  is 
left  connected  with  the  anterior  part  of  the  capsule,  separated  from  the 
crucial  ligaments  at  its  most  anterior  extremity,  and  detached  together 
with  the  capsule  from  the  outer  edge  of  the  tibia.  Then  the  internal 
semilunar  cartilage  is  also  detached  in  a  corresponding  point  from  the 
crucial  ligaments:  the  patella  and  patellar  ligament  and  the  tibial  tuberos- 
ity are  drawn  inward  by  means  of  a  sharp  hook,  and  the  capsule  is 
detached  from  the  anterior  tibial  crest,  the  leg  being  in  the  meanwhile 
flexed  more  and  more,  until  the  patella  can  be  hinged  inward.  Chiselling 
off  of  the  intercondylar  eminence  together  with  the  crucial  ligaments. 
Now  the  whole  joint  can  be  well  inspected,  and  the  subsequent  steps  are 
guided  by  the  findings.  Koch'er  always  saws  along  curved  lines.  The 
beginner  is  advised  always  to  resort  first  to  Volkmann's  technique. 

Resection  of  the  Hip-Joint. 

Here,  also,  tuberculosis  gives  the  most  frequent  indication  for  oper- 
ating, but,  besides,  resection  of  the  hip  is  frequently  performed  for 
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chronic  osteomyelitis,  ununited  intracapsular  fractures  of  the  neck  of  the 
femur,  and  arthritis  deformans. 

Particularly  in  tuberculous  hip  disease,  it  is  necessary  to  be  able  to 
inspect  the  joint  thoroughly  in  all  its  parts,  but  its  deep  situation  does 
not  make  it  an  easy  task.  Our  second  task  is  to  obtain  a  good  weight- 
bearing  limb.  In  fact,  bony  anchylosis  occurs  only  extremely  seldom, 
even  when  we  nail  primarily  the  femoral  stump  on  the  pelvic  bone,  as 
Bardoiheuer  always  wants  to  do.  Very  frequently,  fibrous  anchylosis 
develops  and  must  be  considered  a  favorable  outcome  if  the  leg  is  in  good 
position  —  that  is,  in  slight  abduction,  in  middle  position  between  flexion 
and  extension,  and  the  kneecap  looking  forward.  A  moderate  degree  of 
mobility,  not  sufficient,  however,  to  allow  the  femoral  stump  to  escape 
upward  out  of  the  newly  formed  cotyloid  cavity,  is  of  course  still  more 
desirable ;  but  a  loose  joint  makes  the  limb  absolutely  useless  in  its  role  of 
support  of  the  body,  unless  a  big  orthopedic  appliance  be  worn ;  likewise 
joints  stiffened  in  adduction,  inward  rotation,  and  flexion  are  very  highly 
undesirable.  We  have  always  operated  following  Langenbeck' 8  method 
as  modified  by  Koenig,  and  the  patients  have  fared  well.  The  advantages 
of  this  Koenig  modification  over  the  old  Langenbeck  technique  are  as 
follows : 

1.  The  muscles  inserted  into  the  greater  trochanter  preserve  better 
connections,  as  they  are  detached  in  front  and  behind  together  with  a 
slice  of  the  bone. 

2.  The  removal  of  the  projecting  remaining  part  of  the  trochanter 
affords  a  very  good  view  of  the  femoral  neck  and  of  the  front,  back, 
and  upper  capsular  insertions. 

3.  The  chiselling  off  of  a  semicircular  fragment  of  bone,  together 
with  the  limbus  cartilagineus  (cotyloid  ligament),  facilitates  extraordina- 
rily the  removal  of  the  head,  discloses  at  once  the  bone  foci  so  frequent 
there,  and  gives  a  better  view  of  the  inside  of  the  acetabulum. 

4.  The  cleaning  of  the  lower  articular  recess  can  also  be  effected  easier 
and  more  thoroughly  in  Koenig's  than  in  Langenbeck^ s  method. 

The  incision  is  traced  after  Langenbeck's  indications.  The  patient 
lies  on  the  healthy  side  (see  Fig.  225).  The  surgeon  marks  the  middle 
of  the  greater  trochanter  by  a  stab  of  the  knife,  palpates  also  the  postero- 
superior  iliac  spine,  and  unites  both  points  by  a  line.  The  diseased 
thigh  must  be  placed  in  the  direction  of  this  line,  so  that  the  limb  in 
somewhat  strong  adduction,  also  flexed  and  rotated  inwardly,  rests  on 
the  table  by  the  internal  aspect  of  the  knee.  Then  a  10  to  15  cm. 
incision  (see  the  thicker  middle  segment  of  the  above  described  line  on 
Fig.  225)  is  made  along  this  line  so  that  its  two  upper  thirds  are  situated 
above,  and  the  lower  third  below,  the  tip  of  the  greater  trochanter.  The 
incision  divides  at  once  the  skin,  the  oftentimes  very  thick  fatty  tissue 
down  to  the  glutaeus  maximus,  and,  on  the  trochanter,  the  periosteum. 
If,  now,  the  edges  of  the  wound  are  retracted,  we  see  the  glutaeus  maxi- 
mus, whose  fibres  are  almost  exactly  parallel  with  the  direction  of  the 
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incision.  At  the  upper  end  of  the  incision,  the  surgeon  thrusts  a  knife 
down  to  the  iliac  bone  and  divides  with  one  single  stroke,  the  point  of 
the  knife  being  always  kept  on  the  bony  plane  (successively,  iliac  bone, 
cotyloid  ligament,  femoral  head,  greater  trochanter)  all  the  soft  parts, 
together  with  the  periosteum,  the  upper  part  of  the  capsule— to  divide  the 
latter  it  is  necessary  to  lift  the  handle  of  the  knife  in  the  direction  of 
the  head  of  the  patient — and  the  tendons  of  the  muscles  inserted  into 
the  greater  trochanter.  After  retraction  of  the  wound  edges,  bleeding 
vessels  are  clamped  and  ligated.  A  long  Langenbeck  hook,  inserted  on 
each  side  of  the  wound  above  the  trochanter  down  to  the  bone,  holds  back 
the  soft  parts.  With  a  very  broad  cutting  chisel,  the  surgeon  then 
detaches  on  each  side  of  the  trochanter  a  slice  of  bone,  in  directions 
shown  by  the  dotted  lines 
in  Fig.  225.  These  bone 
slices  are  forthwith  lifted 
up  with  the  chisel  used  as 
a  lever  and  thus  broken  at 
their  implantation  on  the 
femoral  shaft,  but  they  re- 
main in  continuity  with  the 
periosteum.  The  base  of 
the  wedge-shaped  remain- 
ing part  of  the  greater 
trochanter  is  severed  from 
the  femur,  obliquely  up- 
ward and  inward,  at  the 
origin  of  the  upper  border 
of  the  femoral  neck.  This 
cutting  is  done  with  a  nar- 
row chisel  (Pig.  226).  We 
now  see  plainly  the  femoral  neck  with  the  anterior  and  posterior  capsular 
insertions,  and  it  is  easy  to  separate  here  the  capsule  from  the  bone. 
With  an  elevator,  we  free  now  the  posterior  and  upper  part  of  the  rim 
of  the  cotyloid  cavity  and  of  the  cotyloid  cartilaginous  ring  (labrum 
gleiioidale)  and  we  chisel  off  these  structures  a  semicircular  fragment 
(see  on  Fig.  226,  the  dotted  line)  about  1  to  1.6  cm.  wide  at  its  widest 
point.  After  this,  we  have  in  view  a  very  large  portion  of  the  femoral 
head.  So  as  to  be  able  to  dislodge  the  head,  we  must  still  cut  the  liga- 
mentum  teres,  which  in  pathological  cases  is  almost  always  already 
destroyed.  To  cut  said  ligament,  strong  traction  is  exerted  on  the 
inwardly  rotated  and  adducted  limb,  a  narrow-blade  knife  is  introduced 
in  the  gaping  articular  slit  and  the  ligament  is  cut  near  its  origin  from 
the  anterior  and  lower  part  of  the  acetabulum.  Now  the  femoral  head 
can  be  dislocated,  examined  for,  and  cleaned  of,  diseased  foci ;  the  coty- 
loid cavity  and  the  joint  capsule  (when  in  addition  the  fibro-cartilaginous 
ring  has  been  detached  together  with  the  adhering  parts  of  the  capsule 
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and  eventually  has  been  removed),  can  also  be  very  well  inspected  with 
the  help  of  the  necessary  corresponding  rotation,  adduction,  and  flexion 
movements;  and,  therefore,  both  can  be  cleaned  of  all  diseased  tissue. 
In  typical  resection,  the  head  is  removed  by  means  of  a  chisel  or  of  a 
hand-saw  (see  Fig.  226) ;  but  whenever  possible,  in  such  a  way  as  to 
leave  a  fragment  of  it     For  the  sawing,  a  curved  elevator  is  introduced 


from  in  front  and  behind  under  the  femoral  neck  (in  Fig.  226,  the  posterior 
elevator  is  not  represented)  so  as  to  protect  the  soft  parts.  After  care- 
ful excision  of  all  diseased  tissue  and  treatment  of  the  cavity  with  iodo- 
form, a  drain  is  pushed  in  the  acetabulum  and  made  to  come  out  through 
the  external  incision  above  the  trochanter.  The  slices  detached  from  the 
trochanter  apply  spontaneously  against  one  another,  but  also  may  be 
brought  together  by  a  strong  catgut  carried  around  them  with  a  big 
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needle.  What  remains  of  the  femoral  neck  is  adjusted  in  the  cotyloid 
cavity  in  abduction  (Fig.  227  is  intended  to  illustrate  the  faulty  and  the 
right  position),  and  the  limb  is  held  by  an  assistant  in  that  position 
(moderate  abduction,  extension,  patella  looking  directly  forward).  The 
cutaneous  wound  is  exactly  sutured  with  deep  stitches  taking  in  several 
times  the  muscles:  the  drain  hole  is  the  only  part  left  unsutured.  In 
cases  with  marked  suppuration,  it  is  better  to  leave  open  and  to  provide 
free  drainage  for  the  pus  through  a  very  thick  rubber  tube  wrapped  in 
iodoform  gauze.  A  pelvic  support  is  placed  under  the  greater  trochanter 
of  the  healthy  side,  a  cor- 
respondingly high  cushion 
under  the  upper  part  of  the 
body  so  that  the  abdomen 
and  thorax  are  accessible 
up  to  the  nipple.  A  large 
wound  dressing  covers  the 
lower  parts  of  the  thorax, 
abdomen,  pelvis,  and  dis- 
eased thigh  down  to  the 
knee.  In  this  dressing,  a 
Schede  abduction  splint, 
whose  angle  lies  directly  on 
the  trochanter,  is  imbedded 
by  means  of  a  hardening 
bandage,  after  being  liber- 
ally padded  with  cotton: 
this  splint  is  intended  to 
maintain  the  abduction  and 
extension  position;  and  it 
immobilizes  the  limb  very 
well.  If  there  be  a  ten- 
dency to  inward  or  outward 
rotation,  the  latter  can  be 
prevented  by  using  a  Volk- 
mann's  T-splint,  or  Koenig's 

sledge.  Especially  in  children,  we  shut  off  the  dressing  from  the  genitals 
and  the  anal  region  by  a  thick  layer  of  a  fatty  salve  which  makes  the 
space  between  dressing  and  skin  absolutely  impervious.  Lately,  I  have 
directly  applied  a  plaster  cast  after  resection  of  the  hip  for  tuberculosis 
when  there  was  no  great  pus  formation.  Kocher,  who  strives  to  obtain 
a  movable  joint,  establishes  a  continuous  extension  on  both  legs,  and 
draws  in  moderate  abduction. 

Kocher's  technique  of  hip  resection  is  very  complicated.  I  refer  the 
reader  to  his  large  treatise. 

The  first  dressing  will  be  changed  sooner  or  later,  according  to  the 
amount  of  secretion.  Drain  and  stitches  are  removed  after  two  weeks  at 
fhe  latest. 


Fig.  227. 
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SprengeVs  incision  has  been  suggested  by  this  writer  for  old  cases  of 
tuberculous  hip  disease  and  of  osteomyelitis  with  extensive  lesions  of  the 
cotyloid  cavity  and  iliac  bone.  Sprengel  calls  his  incision  iliac  crest  in- 
cision. It  runs  from  the  postero-superior  iliac  spine  to  the  antero-superior 
spine  along  the  crest  of  the  ilium,  divides  skin,  fascia,  muscle,  and  peri- 
osteum, and,  at  the  limit  of  the  glutaeus  medius  and  of  the  tensor  fasciae 
latae,  bends  downward  until  it  reaches  the  greater  trochanter.  The  large 
skin-muscle-and-periosteum  flap  is  lifted  away  from  the  external  sur- 
face of  the  iliac  bone  to  the  desired  extent. 

In  case  the  horizontal  ramus  of  the  pubis  is  also  involved  in  the  mor- 
bid process,  the  incision  must  be  lengthened  forward  and  downward  to 
the  external  border  of  the  cruraf  nerve,  whose  situation  on  the  outer  side 
of  the  femoral  artery  is  easy  to  determine.  Sprengel  begins  by  exposing 
the  nerve,  and  only  after  this  cuts  the  muscles  that  come  in  view, 
tensor  fasciae  latae,  sartorius,  rectus  femoris,  eventually  also  iliopsoas, 
and  when  a  sufficient  access  to  the  cotyloid  cavity  has  not  been  thus 
obtained,  still  adds  an  incision  going  from  the  antero-superior  iliac  spine 
to  the  trochanter.  When  one  keeps  to  the  muscular  interstices,  the 
bleeding  is  trifling. 

The  incision  is  suitable  also  for  the  extirpation  of  one-half  of  the  pel- 
vis, and  is  very  much  like  that  put  forward  by  Kocher  for  this  latter 
purpose. 

C.  Various  Operations  on  the  Extremities 

1.  Upper  Extremity. 

Tapping  of  the  Shoulder-Joint. 

We  generally  tap  the  shoulder-joint  laterally  through  the  groove  which 
separates  the  acromion  from  the  head  of  the  humerus.  If  we  keep  to  the 
middle  of  the  space  between  the  most  anterior  point  of  the  acromion  and 
the  most  prominent  point  of  the  deltoid  lifted  by  the  humeral  head,  and 
if  we  thrust  our  trocar  here  obliquely  downward  and  backward,  we  strike 
the  upper  part  of  the  articular  cavity  easily,  especially  when  there  is  a 
marked  effusion  of  fluid.  But  let  us  guard  against  mistaking  the  joint 
for  the  subacromial  or  subdeltoid  bursa,  which  is  notably  more  super- 
ficial. However  good  the  results  yielded  by  tapping  followed  by  injec- 
tion of  iodoform  and  glycerin  in  tuberculosis  of  other  joints,  elbow,  hip, 
wrist,  knee,  ankle,  we  have  almost  never  tried  the  method  on  the  shoul- 
der-joint, because  we  have  to  deal  here  in  most  cases  with  the  dry  form 
of  tuberculosis,  the  so-called  caries  sicca. 

Drainage  of  the  Shoulder-Joint, 

In  severe  suppurative  conditions  of  the  shoulder-joint,  and  in  severe 
gonorrheal  inflammation,  we,  as  a  rule,  drain  the  joint  anteriorly  through 
a  Langenbeck  resection  incision  (see  Fig.  213,  on  page  195).  There  the 
joint  is  easiest  to  reach,  and  there  is  no  danger  of  injurj-  to  the  neigh- 
boring organs.    After  deflecting  somewhat  inward  the  biceps  tendon,  a 
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strong  dressing  forceps  is  pushed  backward  through  the  joint,  and  on 
the  tip  of  said  forceps  an  incision  is  made  on  the  posterior  border  of  the 
deltoid.  As  soon  as  the  forceps  has  forced  its  way  through  the  tissues, 
its  blades  are  spread  apart,  and  a  thick  drain  is  drawn  through  the  hole 
up  to  about  the  middle  of  the  joint,  so  that  it  lies  between  the  head  ot  the 
humerus  and  the  glenoid  cavity,  and  keeps  the  articular  slit  open.  A 
second  drain  is  placed  in  front  of  the  joint,  the  wound  is  loosely  packed 
with  gauze,  and  not  sutured.  A  large  dressing  is  applied  around  the 
shoulder  and  thorax,  the  forearm  is  placed  in  a  sling.  After  suppuration 
and  fever  have  stopped,  the  anterior  drain  first,  the  posterior  later,  are 
removed.  Active  and  passive  movements  must  be  begun  early,  especially 
rotation  and  lateral  elevation. 

Exposure  of  the  humerus,  for  instance,  for  acute  or  chronic  osteo- 
myelitis, tuberculosis,  fractures,  and  tumors. 

I  have  already  said,  when  speaking  of  the  ligation  of  the  brachial 
artery  (p.  117) ,  that  we  may  expose  the  humerus  almost  in  its  whole  length 
from  the  internal  bicipital  groove,  without  being  disturbed  by  nerves  or 
bloodvessels.  The  brachial  artery,  together  with  the  median  nerve,  falls 
backward.  The  short  head  of  the  biceps  must  be  a  little  detached  from 
the  proximal  segment  of  the  humerus,  and  the  brachial  muscle  from  its 
distal  part;  but  this  can  be  done  without  any  impairment  of  the  function 
of  those  muscles.  If  we  want  to  reach  the  humerus  from  the  outer  side, 
then  we  must  guard  against  injury  to  the  musculo-spiral  (radial)  nerve, 
whose  exposure  will  be  spoken  of  here  at  the  same  time.  The  radial 
nerve  (Fig.  228,  borrowed  from  Herde's  Atlas)  winds  around  the  humerus 
spirally  from  behind  and,  from  about  the  lower  border  of  the  teres  major 
muscle,  lies  close  to  the  bone.  Accompanied  by  the  profunda  brachii 
artery,  it  lies  in  the  so-called  sulcus  spiralis  between  the  origin  of  the 
internal  and  external  heads  of  the  triceps,  and  covered  by  the  long  head 
of  the  same  muscle.  At  the  junction  of  the  middle  and  lower  thirds  of 
the  arm,  the  radial  nerve  perforates  the  external  intermuscular  septum, 
and  lies  between  the  muscular  bellies  of  the  brachio-radialis  and  the 
brachialis,  to  divide  at  the  level  of  the  elbow-joint  into  a  superficial  and  a 
deep  branch.  The  radial  nerve  is  easiest  to  expose  from  the  outer  aspect 
of  the  arm,  a  little  below  the  middle  of  the  latter.  Make  here  in  the 
external  bicipital  groove  an  incision  a  little  oblique  forward  and  down- 
ward, dividing  the  skin  and  subcutaneous  tissue,  and  first  look  for  the 
external  intermuscular  septum.  In  front  of  the  latter  lies  the  brachial 
muscle,  behind  it  the  external  head  of  the  triceps.  Dorsally  of  the  sep- 
tum, split  the  fascia  and  divide  the  external  head  of  the  triceps  in  the 
direction  of  the  skin  incision.  The  radial  nerve  lying  close  to  the  bone 
is  now  in  ntbst  cases  easy  to  palpate  through  the  muscle  (sometimes  it 
may  even  be  felt  through  the  outer  skin).  It  is  freed  by  dull  dissection 
from  the  surrounding  structures,  and  by  retracting  it  carefully  by  means 
of  round,  blunt  hooks,  we  can  easily  protect  it  against  injury  when  work- 
ing on  the  humerus  above  or  below  it    When  exposing  the  humerus  in 
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a  distal  direction,  keep  dorsally  of  the  intermuscular  septum,  between 
the  internal  head  of  the  triceps  muscle  and  the  brachio-radial;  when 
exposing  it  in  a  proximal  direction,  keep  also  dorsally  of  the  same  ex* 
temal  intermuscular  septum  between  the  brachial  muscleand  the  external 


Fig.  228. 


head  of  the  triceps ;  farther  up,  go  forward  in  front  of  the  tendon  of  the 
deltoid.  There  we  can  reach  up  to  the  surgical  neck  without  endanger- 
ing any  important  nerves  or  bloodvessels.  The  axillary  neire  winds 
from  behind  around  the  surgical  neck. 

Whenever  possible,  simplify  this  operation  by  using  J^smare^'s  arti- 
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ficial  anemia,  but  do  not  apply  any  rubber  tube  or  bandage  pressing  only 
on  a  limited  point,  but  only  rubber  bandages  woven  over  with  silk  or 
cotton  and  spreading  the  pressure  on  a  wider  area.  If  we  have  to  expose 
the  radial  nerve  along  the  musculo-spiral  groove  on  account  of  injuries 
(section,  crushing)  or  of  imbedding  in  cicatricial  tissue  or  callus,  we 
must  think  beforehand  of  the  means  to  employ  to  prevent  the  nerve  of 
blending  again  at  the  site  of  suture  with  the  surrounding  parts.  Besides 
removing  the  superfluous  callus,  excising  the  compressing  scar,  and 
enveloping  the  place  of  suture  with  one  of  Lotheisen^s  gelatin  tubes  (see 
page  72),  it  is  still  advisable  to  wrap  around  the  nerve  a  pad  of  muscu- 
lar tissue.  Borchard  uses  for  this  purpose  a  long  flap  with  upper  base 
taken  from  the  brachialis  or  triceps.  After  splitting  this  flap  into  two 
slices,  one  of  these  is  used  to  pad  the  periosteum  underneath  the  nerve, 
the  other  to  cover  the  nerve,  and  both  are  held  in  those  positions  by  a 
few  catgut  sutures.  About  nerve  suture,  see  what  is  said  on  page  71, 
and  following. 

Tapping  of  the  Elhow-Joint. 

The  elbow-joint  is  easiest  of  access  from  the  outer  side,  in  the  inter- 
val between  the  humeral  condyle  and  the  radial  head.  The  latter  is  very 
plainly  felt  dorsally  of  the  muscular  belly  of  the  brachio-radial  when  one 
imparts  pronation  and  supination  movements  to  the  forearm.  If  we  push 
the  needle  in  a  horizontal  direction,  immediately  proximally  of  the 
radial  head,  the  elbow  being  flexed,  we  must,  necessarily,  penetrate 
into  the  joint,  and  can  easily  fill  it,  with  iodoform-glycerin  mixture  for 
instance. 

We  can  also  easily  reach  the  joint  from  behind  above  the  olecranon  by 
thrusting  the  needle  just  about  directly  forward  in  the  middle  of  the 
space  between  the  external  and  internal  condyles  of  the  humerus,  close 
above  the  tip  of  the  olecranon,  the  forearm  being  flexed  at  about  135°.  In 
this  case,  we  reach  the  posterior  and  upper  articular  recess  in  the  oto- 
cranial fossa  of  the  humerus. 

Suture  of  the  Olecranon. 

In  case  of  complete  abolition  of  the  triceps  function  after  a  fracture 
of  the  olecranon,  suture  is  the  rational  method  of  treatment.  But,  as  in 
most  bone  sutures,  we  wait,  however,  till  five  to  seven  days  have  elapsed 
since  the  accident,  as  experience  has  shown  the  healing  conditions  to  be 
better  after  this  time  than  in  the  first  days.  Esmarch's  artificial  anemia 
is  not  indispensable  for  the  operation,  and  even  may  prove  a  hindrance 
as  constriction  makes  the  triceps  unmovable.  The  unimportant  vessels 
of  the  back  of  the  elbow  are  clamped  as  soon  as  divided  and  ligated. 
Longitudinal  incision  over  the  middle  of  the  olecranon  as  in  Langenbeck's 
resection,  but  shorter;  or  flap  incision  with  upper  base  reaching  from  one 
humeral  condyle  to  the  other.  Freeing  of  the  bone  ends,  wiping  away  of 
the  clots  with  compresses  held  in  forceps,  eversion  of  interposed  soft  parts 
belonging  to  the  periosteum,  fascia,  or  triceps  tendon.  Drilling  of  two 
holes  in  the  same  manner  as  that  described  and  figured  later  for  the  suture 
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of  the  kneecap  (Fig.  239).  The  suture  wires  (Vienna  wire)  are  drawn 
through  and  knotted,  while  the  olecranon  is  drawn  downward  and 
brought  in  contact  with  the  distal  fragment  by  means  of  a  sharp  two- 
pronged  hook.  If  we  should  try  to  bring  the  fragments  together  simply 
by  pulling  on  the  wire,  the  latter  would  easily  break  or  the  bone  holes 
would  tear  out.  Interrupted  catgut  suture  of  the  torn  fascial-periosteal- 
tendinous  covering  of  the  olecranon.  Total  suture  of  the  skin  incision 
without  drainage.  According  to  Koenig,  the  plaster  cast  must  be  applied 
on  the  limb  flexed,  and  not  extended,  as  it  often  happened  that  after 
long  immobilization  in  extension,  the  olecranon  broke  afresh  when  mobil- 
ization movements  were  later  attempted.  The  dressing  is  changed  and 
the  stitches  removed  after  ten  to  fourteen  days.  Thereafter  cautious 
daily  extension  and  flexion  movements.  Until  the  fourth  week,  the  arm, 
in  the  interval,  is  fastened  in  a  splint  apparatus  obtained  by  splitting 
laterally  the  original  plaster  cast.  Then  assiduous  massage  and  medico- 
mechanical  exercises. 

Arthrodesis  of  the  Elbow-Joint, 

Artificial  stiffening  of  the  elbow-joint  is  only  indicated  by  a  high 
degree  of  laxity  of  the  joint  and  in  cases  of  complete  paralysis  of  the 
extensor  muscles,  while  much  better  functional  results  are  obtained  by 
orthopedic  resection,  arthrolysis  (see  page  193),  in  case  of  anchylosis  in 
flexion  or  extension.  For  arthrodesis,  the  joint  is  well  exposed  as  for  a 
resection,  the  articular  surfaces  are  widely  freshened,  and  nailed  or 
sutured  together  at  a  right  angle ;  it  is  advisable  to  thus  implant  the 
freshened  upper  part  of  the  ulna  in  a  notch  of  the  lower  end  of  the 
humerus.  Immobilization  for  a  month  in  a  plaster  cast.  Tincture  of 
iodin  has  also  been  injected  into  the  joint  so  as  to  produce  fibrous 
shrinking. 

Exposure  of  the  Radius  and  Ulna, 

On  account  of  its  anatomical  relations,  the  radius  is  easiest  of  access 
in  its  middle  segment,  and  from  its  dorsal  side  (see  Fig.  228),  between 
the  tendons  of  the  brachio-radialis  and  of  the  extensor  carpi  radialis 
longus.  When  it  has  there  been  exposed  under  Esmarch^s  artificial 
anemia  (in  this  region  it  is  also  easy  to  palpate),  it  is  followed  upward 
and  downward  along  the  muscular  interstices.  When  going  in  a  distal 
direction,  the  tendon  of  the  long  abductor  pollicis  and  of  the  short 
extensor  pollicis  must  be  well  retracted  dorsally  as  they  cross  the  distal 
end  of  the  radius.  When  going  in  a  proximal  direction,  keep  to  the  dor- 
sal border  of  the  brachio-radial  muscle.  In  the  proximal  third  of  the 
bone,  partial  subperiosteal  detachment  of  the  insertion  of  the  supinator 
may  eventually  become  necessary. 

From  the  tip  of  the  olecranon  down  to  the  styloid  process,  the  ulna 
lies  quite  superficially,  and  can  be  easily  exposed  in  its  whole  leng'h, 
from  the  inner  aspect  of  the  forearm,  without  injury  to  the  surrounding 
parts,  between  the  extensor  carpi  ulnarisand  anconaeus  on  one  side,  and 
the  flexor  carpi  ulnaris  on  the  other. 
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Tapping  of  the  Wrist-Joint. — The  wrist  is  best  tapped  on  its  dorsal 
side,  near  the  radius,  between  the  tendons  of  the  extensor  of  the  index  and 
the  long  extensor  of  the  thumb,  at  the  level  of  a  line  uniting  the  styloid 
processes  of  the  radius  and  ulna  or  near  the  ulna  level  with  the  same 
line  between  the  ulnar  styloid  process  and  the  tendon  of  the  extensor 
digitiqainti  proprius.  As  v/e  seldom  have  to  deal  with  abundant  exudates 
in  the  wrist-joint,  we  generally  tap  and  inject  with  fine  needles. 

Dupuy trends  Contraction. 

Among  the  various  methods  of  operating  for  this  condition,  Kocher's 
will  be  the  only  one  considered  here:  it  consists  of  a  thorough  removal 
of  the  diseased  parts  of  the  palniar  fascia.  Whether  longitudinal  or 
flap  incisions  are  resorted  to  for  this  purpose  does  not  matter;  but  it  is 
important  that  the  skin  should  be  spared  as  much  as  feasible.  As  a 
rule,  under  general  anesthesia  and  EsmarcWs  artificial  anemia,  we  first 
make  two  incisions,  one  on  each  side  of  the  hardened  aponeurosis  and 
dissect  carefully  the  skin  from  the  callous  mass,  then  avoiding  injur- 
ing the  tendon  sheaths,  the  bloodvessels,  and  the  nerves,  excise  cleanly 
said  mass  so  that  all  diseased  tissue  is  removed.  In  the  most  severe 
forms,  complete  extension  of  the  finger  is  not  possible,  even  after  this; 
and  sometimes  during  this  procedure  small  pieces  of  skin  are  sacrificed 
by  the  knife,  and  must  be  replaced  forthAvith  by  means  of  a  Krause  free 
skin  autoplasty.  Lexer  prefers,  in  severe  cases,  to  excise  together  the 
skin  and  the  sclerous  formation,  and  to  line  the  defect  with  large  Krause 
flaps.  Complete  hemostasis  after  removal  of  the  constricting  band. 
Dressing:  the  fingers  being  extended  on  a  palmar  wooden  splint,  kept 
for  eight  or  ten  days.  Then  removal  of  the  stitches,  cautious  movements, 
and  massage  of  the  muscles  of  the  forearm. 

Operative  Treatment  of  Spina  Ventosa. 

As  a  rule  we  treat  operatively  tuberculous  lesions  of  the  finger  pha- 
langes by  exposing  the  latter  through  two  lateral  incisions  made  on  the 
diseased  part,  removing  with  a  fine  cutting  chisel  or  a  bone  knife  the 
cortical  layers  of  bone  covering  the  focus  on  a  third  of  the  circumference 
of  the  bone,  without  damaging  the  articular  extremities  and  the  epiphy- 
seal lines,  and  scraping  out  with  a  sharp  spoon  the  diseased  masses  trom 
the  inside  of  the  bone.  So  as  to  be  able  to  invert  the  soft  parts  into  the 
often  deep  bone  cavity,  one  has  sometimes  to  excise  more  of  the  cortical 
layer,  but  enough  must  be  left  to  insure  the  solidity  of  the  same.  Sprink- 
ling of  the  cavity  with  crystallized  iodoform.  Total  suture  without 
drainage.     Immobilization  of  the  finger  by  means  of  a  small  splint. 

On  the  metacarpi,  except  that  of  the  thumb,  we  have  in  these  last 
years  employed  often,  in  cases  of  spina  ventosa.  Mailer's  Free  Auto- 
plasty. Under  artificial  anemia,  the  diseased  metacarpal  bone  is 
exposed  and,  the  articular  ends  and  the  distally  placed  epiphyseal  line 
being  preserved,  the  rest  is  excised  together  with  the  diseased  perios- 
teum. Fistulae  must  be  dissected  off,  tuberculous  abscesses  excised  in 
sound  tissue,  so  that  all  diseased  parts  are  certainly  removed.    The 
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Bone. 


defect  is  filled  with  a  periosteum-and-bone  fragment  which  MiiMer  used 
to  take  from  the  ulnar  crest,  while  I  have  chiselled  it  off  (following 

Schmieden)  from  the  anterior  tibial  edge.  This  piece  of 
bone  is  selected  a  little  longer  than  the  missing  part  of 
metacarpus,  and  enough  of  the  surrounding  periosteum 
is  taken  with  it  to  have  it  extend  considerably  beyond  its 
lateral  borders,  and  extend  1  or  2  mm.  also  beyond  both 
ends  (see  Fig.  229).  When  inserting  this  piece  of  bone  in 
the  gap,  strong  traction  must  be  exerted  on  the  corre- 
sponding finger,  so  that  when  this  traction  stops  the  piece 
of  bone  may  fit  tight  between  the  remaining  ends  of  the 
metacarpus  or  in  the  remaining  part  of  the  medullary 
canal,  and  thus  be  well  secured  at  once  in  that  position. 
Sprinkling  of  the  wound  with  iodoform,  and  complete 
suture  of  the  skin.  Slightly  compressive  bandage  with 
palmar  splint  extending  beyond  the  finger-tip,  and  kept  in 
place  three  to  four  weeks.  The  then  resulting  stiffening 
of  the  finger  disappears  in  children  with  the  use  of  the 
finger  without  any  other  treatment.  The  end  results  of 
this  operation  have  been  extremely  good,  as  well  from  a 
cosmetic  as  from  a  functional  point  of  view. 
Operation  for  Syndactylia. 

In  the  very  rare  cases  where  there  is  a  very  wide  web 
skin,  we  may,  perhaps,  use  the  old  Dieffenbdch  technique,  as  shown  on 
the  third  and  fourth  fingers  in  Fig.  230.     The  web  is  incised  lengthwise. 


Perios- 
teum. 


Fig.  229. 


Fig.  230. 


a  rectangular  flap  at  least  1  cm.  large  is  formed  on  the  back  of  the  hand 
and  sutured  in  the  interdigital  fold  in  the  palmar  angle  of  the  wound. 
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Then  the  defects  on  each  side  of  the  fingers  are  closed  by  suture, 
ing,  the  fingers  kept  spread  apart 

Langenbeck  takes  the  skin  to  cover  one  finger  from  the  other  by  cut- 
ting (for  instance,  in  a  case  of  syndactylia  between  the  fourth  and  fifth 
fingers),  a  palmar  and  a  dorsal  rectangular  flap  from  each  finger,  and  dis- 
secting them  from  the  underlying  tissues,  a  little  in  the  manner  depicted 
on  the  left  of  Fig.  230,  showing  the  palmar  side.  The  fifth  finger  receives 
thus  a  liberal  cutaneous  covering,  but  the  fourth  is  deprived  from  the 
greater  part  of  its  skin.  Lan- 
genbeck allows  this  defect  to  heal 
by  granulation.  We  think  it 
better  to  close  it  with  Krause 
flaps. 

Didot  (for  instance,  in  a  case 
of  syndactylia  between  the  fourth 
and  fifth  fingers)  forms  a  palmar 
flap  with  its  basis  on  the  fifth 
finger  and  a  dorsal  with  its  basis 
on  the  fourth  (see  Fig.  230, 
shown  from  the  palmar  and  from 
the  dorsal  side,  and  also  in  cross- 
section).  The  dorsal  flap  is  used 
to  cover  the  defect  resulting  on  . 
the  fourth  finger,  the  palmar  is 
similarly  used  on  the  fifth  finger. 
In  the  interdigital  commissure, 
the  wound  edges  are  carefully 
sutured;  if  need  be,  one  can  even 
there  cut  and  implant  a  rectan- 
gular Di^enbach  flap.  Didot's 
method  has  given  me  good  re- 
sults, even  in  children. 

Treatment  of  PhlegmonB  of 
the  Tendinous  Sheatha  of  the  ^■<3  ^^■ 

Fingers,  Hand,  and  Forearm. 

While  formerly  we  used  in  phlegmons  of  those  tendinous  sheaths  to  split 
open  rather  ruthlessly  by  a  longitudinal  incision  the  skin,  subcutaneous 
tissue,  and  tendinous  sheath,  we  have  become  recently  more  conserva- 
tive, thanks  especially  to  Bier's  and  Klapp's  efforts.  As  the  tendon 
sheaths  of  the  extension  side  of  the  hand  have  less  importance  than  those 
of  the  flexion  side,  I  have,  in  Fig.  231,  indicated  only  the  relations  of 
the  sheaths  in  the  palm  of  the  hand,  and  have  shown  the  place  and 
direction  of  incisions,  according  to  Klapp's  diagram.  On  the  three 
middle  fingers,  we  generally  incise  under  Oberst's  anesthesia.  Klapp 
advises  light  ether  anesthesia  and  artificial  anemia.  The  incisions  do 
not  extend  on  the  whole  length  of  the  corresponding  phalanx.    At  the  level 
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of  each  phalanx,  the  sheath  of  the  tendon  is  incised  longitudinally,  so  that 
the  tendon  is  always  well  visible  in  the  whole  length  of  the  incision. 
When  an  incision  has  been  made  on  one  side,  a  blunt  director  is  carried 
through  the  sheath  to  the  other  side,  and  on  its  knob  an  incision  of  equal 
length  is  made.  When  this  has  been  done  at  the  level  of  each  phakoix, 
the  sheath  is  still  incised  on  both  sides  of  the  three  middle  fingers 
obliquely  on  the  proximal  end,  in  the  palm.  On  the  long  sheaths  of  the 
flexor  tendons  of  the  thumb  and  little  finger,  one  or  two  pairs  of  inci- 
sions of  similar  length  are  made  in  the  palm,  according  to  the  needs  of 
the  cane.  Klapp  irrigates  with  physiological  salt  solution,  does  not  drain 
nor  pack  the  wound,  but  covers  the  latter  with  salve.  The  arm  and  fore- 
arm may  be  wrapped  in  an  alcohol  dressing.  After  the  operation,  it  is 
best  to  keep  the  patient  in  bed,  the  arm  in  a  horizontal  position.  The 
dressing  is  changed  daily.  Half-hour  baths  in  warm  physiological  salt 
solution.  From  the  first  day,  begin  active  and  passive  motion.  When 
the  pus  formation  subsides,  hot-air  bakings.  Even  if  we  do  not  always 
observe  all  of  Klapp' a  precepts,  and  keep  the  edges  of  the  wound  apart 
superficially  by  a  loose  gauze  packing,  we  concede  that  the  lateral'  in- 
cisions, which,  in  Our  sense,  are  the  essential  features  of  the  method, 
realize  a  progress  over  the  formerly  practised  extensive  longitudinal 
incisions  of  the  sheaths.  Similar  lateral  incisions  had  already  been 
used  by  others  before  Klapp. 

2.  Lower  Extremity 

Tapping  of  the  hip-joint  from  Bungner's  point.  This  point  lies  on 
a  line  uniting  the  point  of  emergence  of  the  femoral  artery  from  under 
PouparVn  ligament,  that  is,  the  point  where  we  can  compress  the  artery 
on  the  pectineal  ridge,  and  the  tip  of  the  greater  trochanter,  on  the 
external  border  of  the  sartorius.  When  driving  the  needle  in,  the  fore- 
finger of  the  left  hand  is  kept  on  the  vessels  so  as  to  avoid  with  certainty 
injuring  the  latter,  and  the  needle  is  pushed  directly  antero-posteriorly 
in  the  depth  where  we  certainly  strike  the  capsule  on  the  upper  surface 
of  the  femoral  neck,  especially  in  cases  of  large  effusion.  We  can  also 
reach  the  same  i>oint  of  the  capsule  from  the  side,  just  above  the  major 
trochanter,  by  pushing  the  needle  directly  toward  the  middle  line  of  the 
body  (see  Fig.  232). 

Subtrochanteric  Osteotomy, 

Subtrochanteric  osteotomy  has  been  used  not  unfrequently  for  a  good 
many  years  in  anchylosis  of  the  hip-joint  in  flexion  and  adduction 
to  bring  the  limb  in  middle  position  and  slight  abduction;  and  in  incurva- 
tions of  the  neck  of  the  femiir  of  the  coxa  vara  type  to  increase  the 
angle  between  the  shaft  and  the  neck  of  the  bone,  and  consequently  place 
the  latter  in  a  better  position  relatively  to  the  pelvis.  I  have  performed 
this  operation  accordingly  to  the  principles  exposed  in  "Osteotomy,"  on 
page  75,  and  I  believe  that,  by  a  correct  post-operative  fixation  after 
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resorting  to  the  line  of  bone  incision  as  advocated  by  me,  not  only  a 
good  position,  but  also  a  not  inconsiderable  lengthening  of  the  femur 
may  be  obtained.  With  no  line  of  division  can  the  bones  be  brought 
together  in  an  ideal  way,  gaps  must  always  remain,  but  the  smaller  the 
gap,  the  better  also  it  will  be  bridged  over  by  the  preserved  periosteum 
and  the  bone  itself.  In  cases  of  contracture,  the  operation  must  be  pre- 
ceded by  a  subcutaneous  or  open  tenotomy  of  the  retracted  tendons,  gen- 
erally the  adductors.     It  is  also  well  to  have  at  one's  dispcsal  an  exten- 


FiG.  232 


sion  screw  to  pull  downward  the  leg.  Kocher,  who  habitually  chisels  in 
the  direction  reverse  of  mine,  exposes  the  trochanter  through  a  trans- 
versal incision,  or,  better  still,  by  an  oblique  incision  in  the  direction  of 
the  bundles  of  fibres  of  the  gluteus  maximus.  I  prefer  a  longitudinal 
incision  because  with  the  line  of  division  of  the  bone  selected  byme,  only 
the  most  distal  tendinous  bundles  of  the  gluteus  maximus  are  affected. 
The  incision  divides  at  once  all  soft  parts,  including  the  periosteum, 
down  to  the  cortical  layer  of  bone  (see  "Osteotomy,"  on  page  75).  An 
elevator  is  introduced  on  each  side  in  the  periosteal  slit,  and  the  perios- 
teum is  lifted  off  the  bone  in  the  direction  of  the  smaller  trochanter.     In 
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simple  adduction  contracture,  I  should  chisel  from  below  and  outside 
inward  and  upward.  In  Figs.  233  and  234  it  has  been  tried  to  show 
how,  after  chiselling  the  bone  through  and  straightening,  a  certain 
lengthening  of  the  femur  may  be  obtained.  This  lengthening  depends 
also  partly  on  the  abduction.  Of  course,  we  may  atill  obtain  a  greater 
lengthening  by  a  stronger  abduction  than  that  represented  in  the  illus- 
tration. In  combined  flexion  and  adduction  contracture,  I  chisel  from 
behind,  out,  and  below,  forward,  upward,  and  inward  (Fig.  235).  The 
spur  carried  by  the  proximal  end  I  try  to  spear  into  the  marrow  cavity, 
which  is  done  easily  after  a  strong  extension  has  been  applied,  especially 
with  the  help  of  the  screw.  I  leave  the  small  cutaneous  incision  open, 
as  I  do  in  most  osteotomies,  so  as  to  allow  the  blood  oozing  out  from  the 
marrow  canal  to  flow  outside;  thus  I  am  not  compelled  to  change  the 


Fig.  234. 


dressing  in  order  to  be  able  to  remove  stitches.  This  small  wound  heals 
anyway  during  the  long  time  the  limb  has  to  stay  in  a  plaster  cast. 
After  the  operation  a  plaster  cast  exactly  fitting  around  the  body,  the 
pelvis,  the  lower  part  of  the  thorax,  the  knee,  and  the  foot,  is  applied 
for  at  least  six  to  eight  weeks. 

ExpoMure  of  the  femur,  for  instance  in  osteomyelitis  or  tuberculosis 
of  the  diaphysis. 

Whenever  possible,  use  Esmarch's  artificial  anemia,  and,  if  need  be, 
with  the  figure  of  8  circling,  as  described  more  in  detail  for  exarticu- 
lation  of  the  hip.  The  femur  is  most  accessible  from  its  outer  and  anterior 
side.  Is  there  a  sinus,  we  split  the  latter  open  and  divide  the  muscles 
covering  the  bone  lengthwise  and  with  a  blunt  instrument  whenever 
possible.  If  we  must  reach  the  femur  from  the  inner  or  posterior 
side,  we  must  keep  on  the  dorsal  border  of  the  tendon  of  the  adductor 
magnus.  The  bloodvessels  and  nerves  run  along  the  ventral  border 
of  the  same  muscle.  From  the  upper  insertion  of  the  adductors 
down  to  the  adductor's  ring  at  about  the  middle  of  the  internal  as- 
pect of  the  thigh,  we  can  expose  the  femur  without  any  danger  to 
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the  bloodvessels;  and,  whenever  possible,  said  exposure  ought  to  be 
subperiosteal. 

Supracondylar  Otteotomy  of  the  Femur  after  Macewen. 

We  almost  always  correct  genu  valgum  by  this  operation,  very  simple 
in  its  execution  and  after-treatment.    On  the  contrary,  cuneiform  osteot- 


omy is  now  only  very  seldom  performed  on  the  femur.  Exposure  of  the 
femur  above  the  condyles  through  a  longitudinal  incision  at  most  4  or  5 
cm.  long,  carried  on  the  inner  side  through  the  vastus  intemus.  Oblique, 
not  transversal,  division  of  the 
femur  with  the  chisel,  accord- 
ing to  Koenig  and  v.  Bergmann, 
the  line  of  section  being  di- 
rected from  the  inner  side  and 
below  toward  the  outer  side 
and  upward  (see  Fig.  236) ;  the 
chisel  is  a  thin  cutting  chisel, 
about  as  wide  as  the  bone. 
The  last  bony  bridge  is  not  cut, 
but  broken  by  the  surgeon 
working  on  the  short  arm  of 
the  lever,  and  bending  the 
leg  as  if  to  exaggerate  the 
genu  valgum.  Next  straight- 
ening in  correct  position.  Treatment  of  the  wound  as  in  subtrochanteric 
osteotomy.    Plaster-of-Paris  cast.    Healing  is  usually  obtained  in  five 
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or  Mix  wtutiiH,  nfUfr  which  timi;  medico-mechanical  exercises  may  be 
\tnimti,  AtUtr  Miumoen,  the  lower  end  of  the  cutaneomuscutar  incisi<m 
'njifht  Ut  rMU;h  th«  point  where  a  transverse  line,  passing  2  cm.  above 
iUu  irttitmMl  wtridyle  of  the  femur,  crosses  a  second  longritudinal  line 
fllfitniLlvnly  drawn  alxnjt  2  cm.  forward  of  the  insertion  of  the  adductor 
rnHifriuH,     In  th(««  rwv  coses  in  which  R»ntgenr-n.y  pictures  show  the 
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ExpottMre  of  the  Sciatic  Nerve  in  the  Thigh, 

Along  the  outer  edge  of  the  easily  felt  long  head  of  the  biceps,  aris- 
ing from  the  tuberosity  of  the  ischium  and  crossing  the  posterior 
aspect  of  the  thigh  in  the  direction  of  the  head  of  the  fibula,  incision  be- 
ginning below  the  gluteus  maximus,  at  the  level  of  the  gluteal  fold,  and 
running  longitudinally  downward  for  8  or  10  cm.,  just  about  exactly  in 
the  middle  of  the  space  between  the  greater  trochanter  and  the  tuberos- 
ity of  the  ischium.  In  the  proximal  angle  of  the  wound,  we  generally 
see  the  gluteal  muscle  descending  obliquely  outward  and  downward,  and 
whose  muscular  bundles  often  show  white  stripes  due  to  septa  of  connec- 
tive tissue.  Splitting  of  the  fascia  lata — under  which  is  found  the  poste- 
rior cutaneous  nerve  of  the  thigh,  which,  divided  into  separate  branches, 
perforates  the  fascia  farther  distally— on  the  lower  border  of  the  gluteus. 


The  outer  border  of  the  biceps  is  drawn  inward,  and  the  gluteus  upward 
(Fig.  237).  Pushing  in  the  depth  with  a  blunt  instrument,  the  surgeon 
soon  sees  the  nerve,  almost  as  thick  as  a  little  finger.  Farther  down- 
ward, the  sciatic  nerve,  which  sometimes  divides  quite  high  into  tibial 
and  peroneal,  lies  covered  by  the  biceps,  between  the  latter  and  the 
semitendinosus  muscle,  accompanied  almost  for  its  whole  length  by  the 
artery  of  the  sciatic  nerve,  a  terminal  branch  of  the  inferior  gluteal 
artery.  Farther  peripherally,  it  may  also  be  exposed  along  the  inner 
edge  of  the  biceps.  To  stretch  the  nerve,  the  surgeon  hooks  it  with  the 
bent  indicator  finger  and  pulls  strongly,  as  if  he  wanted  to  lift  the  patient 
away  from  the  table  by  the  sciatic  nerve.  In  case  of  pathological  adhe* 
sions,  the  nerve  must  be  freed  bluntly  from  these;  in  case  of  marked 
varices  of  the  vena  comitans,  the  latter  must  be  excised  (Qu^u). 

Tapping  of  the  Knee- Joint  (see  Fig.  238).  Thrust  the  trocar 
through  the  rounded  swelling  formed  by  the  vastus  intemus  or  extemus, 
while  the  intra-articular  effusion  is  pushed  toward  the  upper  recess  by 
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the  left  hand  laid  flat  over  the  kneecap,  while  the  thumb  and  forefinger 
circumscribe  the  internal  and  external  articular  grooves  on  each  side  of 
the  kneecap.  Anesthesia,  either  with  an  ethyl  chlorid  spray  or  by  infil- 
tration ;  a  superficial  lump  is  produced  with  a  fine  needle,  and  then  the 
direction  of  the  future  course  of  the  trocar  is  infiltrated  down  to  the 
joint  with  1%  novocain-suprarenin  solution.  It  is  a  very  good  practice 
to  make  the  skin  slide  on  the  fascia  at  the  time  of  pricking,  as  thus 
the  canal  through  the  skin  is  not  level  with  that  through  the  fascia 
and  muscle.  Especially  when  very  thick  trocars  are  used  (in  hemor- 
rhages in  the  joint,  we  must  employ  very  large  instruments  on  account 
of  clots),  the  canal  of  penetration  is  so  wide  that,  even  when  its  course 
is  very  oblique,  injected  fluids  escape  through  it.  The  thrust  must  be 
given  quickly  in  the  direction  of  the  easily  palpated  posterior  border  of 
the  patella.  If  it  is  desired  to  wash  out  the  joint,  it  is  best  to  introduce 
on  the  opposite  side  a  second  and  smaller  trocar,  through  which  the  fluid 
is  injected  by  means  of  the  syringe  figured  on  page  23.  If  the  injected 
fluid  keeps  on  coming  out,  then  place  a  superficial  fine  silk  suture  on  the 
point  of  entrance  through  the  skin. 

Muscle  and  Tendon  Transplantation  after  Krause  in  PoUomyelitic 
Palsies  of  the  Quadriceps. 

Esmarch's  artificial  anemia,  by  means  of  a  tube  placed  around  the 
thigh  as  high  as  possible.  Longitudinal  incision  in  the  middle  line  of 
the  posterior  aspect  of  the  thigh,  from  the  middle  third  down  to  the  hol- 
low of  the  knee,  and  curving  here  toward  the  head  of  the  fibula.  Divi- 
sion of  the  fascia  lata,  a  strip  of  which  is  left  over  the  bunch  of  vessels 
and  nerves.  Double  ligation  of  all  the  smaller  vessels  crossing  the 
operative  field.  Exposure  of  the  biceps  muscle,  the  overlying  fat  being 
preserved,  down  to  the  head  of  the  fibula  and  section  of  the  tendon  with 
a  fragment  of  periosteum  taken  from  the  head  of  the  fibula.  Denuda^ 
tion  of  the  muscle  upward  to  its  middle  third.  Incision  on  the  anterior 
aspect  of  the  limb,  in  the  middle  line,  through  the  skin,  subcutaneous  tis- 
sue, fat,  and  fascia  lata.  Division  of  the  vastus  extemus  close  to  the 
periosteum  above  the  external  condyle  with  the  help  of  a  dressing  for- 
ceps introduced  under  the  muscle  and  on  whose  knob  the  incision  is  made 
in  front.  The  biceps  is  drawn  forward  through  the  incision  and  tempo- 
rarily fixed  by  one  or  two  stitches  to  the  quadriceps.  Exposure  of  the 
semitendinosus,  semimembranosus,  and  gracilis  through  the  posterior 
incision  (when  the  biceps  is  exposed,  the  peroneal  nerve  which  lies  close 
to  the  latter,  is  also  exposed  and  must  be  retracted  inward) ;  these  muscles 
are  left  connected  with  the  surrounding  fatty  tissue,  so  that  the  tendons 
remain  united  in  a  single  bundle.  The  exposure  is  carried  down  to  the 
insertion  into  the  tibia.  To  this  effect,  it  is  necessary  to  incise  the  skin 
along  a  curved  line  going  from  the  middle  of  the  hollow  of  the  knee  to 
the  internal  condyle  of  the  tibia,  and  passing  over  the  internal  side  of 
the  limb.  The  three  above-named  tendons  are  detached  from  the  tibia. 
The  vastus  internus  is  bluntly  divided  on  the  inner  side  of  the  easily 
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seen  vasculo-nervous  bundle  on  a  dressing  forceps  inserted  underneath  it 
from  behind  forward,  below  the  adductor's  ring,  and  the  whole  mass  of 
muscular  tendons  isolated  up  to  the  middle  third  of  the  thigh  is  drawn 
forward  through  the  slit.  By  this  procedure,  the  nerves  supplying  the 
muscles  remain  intact,  imbedded  as  they  are  in  the  surrounding  fatty  tis- 
sue. Temporary  fixation  of  these  muscles  with  a  catgut  suture  on  the 
quadriceps  tendon.  Loosening  of  Esmarch^s  tube.  Careful  hemostasis. 
Suture  of  the  posterior  wound.  The  slits  in  the  vasti  muscles  on  each  side 
are  bluntly  lengthened  up  and  downward.  Then  suture  of  the  inner  and 
outer  bundles  of  muscles  on  the  inner  and  outer  edges  of  the  kneecap 
with  stout  catgut,  under  tension,  the  leg  being  strongly  extended. 
It  is  good  to  use  only  separate  stitches  passing  through  the  bone  or 
cartilage  of  the  kneecap.  Next,  the  inner  border  of  the  muscle  biceps 
or  of  its  tendon  is  approximated  to  the  outer  border  of  the  semitendino- 
sus,  and  to  the  tendon  of  the  quadriceps  by  means  of  two  catgut  threads. 
Careful  skin  suture.  Dressing,  the  leg  being  extended,  with  spliftts  or 
a  plaster-of-Paris  cast,  and  moderate  elevation  of  the  limb.  The  dress- 
ing is  changed  after  ten  or  fourteen  days  to  remove  the  stitches,  and  a 
new  plaster  cast  is  made.  After  six  or  eight  weeks,  movements  are 
begun  cautiously,  with  massage  and  faradization  of  the  muscles!  For 
six  months  or  a  year  thereafter,  a  grooved  splint  will  be  worn  to  prevent 
recurrence.  It  goes  without  saying  that  the  transplanted  muscles  must 
have  an  absolutely  unimpaired  contractile  power. 

Sometimes  only  a  part  of  the  above  transplanted  muscles  will  be 
needed  for  a  successful  result.  The  surgeon  may  still  detach  the  sar- 
torius  muscle  from  its  lower  insertion  and  fasten  it  under  tension  to  the 
quadriceps  tendon  and  th.^  patella.  When  Krause's  transplantation  is 
used,  both  bellies  of  the  gastrocnemius  muscle  are  the  only. flexors  of  the 
leg  left. 

Ligation  of  the  Saphenous  Vein  after  Trendelenburg* 
We  ascertain  the  insufficiency  of  the  venous  valvules  by  means  of 
Trendelenburg's  test.  In  varicose  ulcers  of  the  leg,  ligation  of  the 
saphenous  vein  at  the  middle  level  of  the  thigh  or  a  little  higher 
gives  partially  very  satisfactory  results.  In  places  the  vein  curves 
toward  the  surface,  and  when  its  course  is  indicated  by  a  brownish  color 
of  the  skin,  it  can  be  easily  exposed  through  a  very  short  longitudinal 
incision.  When  the  fatty  tissue  is  abundant,  we  may  map  out  the 
position  of  the  vein  by  a  line  going  from  the  emergence  of  the  femoral 
vein  from  under  the  ilio-inguinal  ligament  to  the  dorsal  side  of  the 
internal  condyle  of  the  femur.  The  most  frequent  mistake  is  to  look  for 
the  vein .  too  far  forward.  Transversal  incision,  of  course  under  local 
anesthesia,  without  artificial  anemia,  through  the  skin  and  fatty  tissue 
down  to  the  fascia.  Thereby  we  must  necessarily  meet  the  vein  in  the 
fatty  tissue.  After  double  ligation,  a  segment  of  vein  of  about  1  or  2  cm. 
is  excised  between  the  ligatures.  Suture  of  the  skin.  Absolute  rest  in  bed 
for  two  weeks  on  account  of  the  danger  of  thrombosis  and  embolism. 


230  OPERATIONS  ON  THE  EXTREMITIES 

If  the  saphenous  vein  is  exposed  below  the  internal  condyle^  we  meet 
the  saphenous  nerve,  the  conduction  in  which  may  be  interrupted  by  a 
few  drops  of  2%  novocain-suprarenin  solution  injected  into  its  sheath; 
iiaa  anesthetizes  the  whole  inner  aspect  of  the  leer  down  to  the  foot. 
We  can  easily  extirpate  in  toto  the  biKs:er  varicose  bundles,  either  through 
a  single  long  incision  or  through  several  smaller,  the  previously  bluntly 
dissected  out  vessels  being  drawn  from  one  incision  to  the  other.  This 
method,  as  compared  with  ligation  of  the  saphenous  vein,  yields  very 
good  results.  Such  an  extirpation  of  varices  is  generally  called  Made~ 
lung's  operation. 

Sutare  of  the  Patella. 

In  cases  of  impotency  of  the  extensor  system  of  the  knee-joint,  and  of 
tearing  of  the  fibres  of  the  vasti,  internal  and  external,  inserted  into 


Fig.  239,  II. 


the  aponeurotic  sheath  of  the  knee  and  the  articular  capsule,  and  of 
the  bundles  of  fibres  of  the  terminal  tendon  of  the  quadriceps  passing 
over  the  patella,  we  suture  together  the  fragments  of  the  latter  bone 
about  six  or  seven  days  after  the  accident.  No  Esmarch  bandage,  gen- 
eral or  lumbar  anesthesia.  Flap  incision  (see  Fig.  239,  I)  with  base 
upward  so  as  to  bring  the  scar  away  from  those  parts  of  the  knee-joint 
which  are  submitted  to  pressure  in  the  kneeling  position,  and  to  have 
the  skin  scar  in  another  place  than  that  of  the  line  of  suture  of  the  knee- 
cap and  of  the  torn  ligamentous  bands.     Dissection  of  said  skin  flap, 
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until  both  fragments  are  clearly  seen.  Mopping  out  of  the  blood-clots 
with  gauze  sponges  mounted  on  clamps.  (Suture  of  the  olecranon  and 
kneecap  may  very  well  be  effected  without  bringing  the  fingers  in  direct 
contact  with  the  wound.)  Eversion  of  the  fascial,  periosteal,  and 
tendinous  shreds  interposed  between  the  bone  ends  (see  Fig.  239,  II 
and  III).    Boring  of  two  holes  in  each  fragment;  a  bullet  forceps  grasps 


Fig.  239.  III. 


Fig.  239.  IV. 


the  edge  of  the  patella  on  either  side:  the  upper  fragment  is  drawn 
downward,  the  lower  fragment  upward  by  means  of  these  forceps  and 
the  boring  of  the  holes  with  gimlets,  drills.  Stale's,  or  electrical,  perfora- 
tors becomes  easy.  The  Vienna  wire  used  for  the  suture  is  threaded  in 
the  eye  of  the  drill,  as  shown  in  Fig.  239,  IV  (by  means  of  a  dissection 
forceps),  and  then  drawn  from  in-outward.  The  direction  of  the  holes  is 
made  clear  by  the  small  sketch.  Fig.  239,  V.     When  _,       ^^ 

the  knot  is  to  be  tied,  two  sharp  hooks,  having  each       ^^      j^> 
two  prongs,  bring  exactly  together  the  two  fragments        pjQ  239,  v. 
(Fig.  239.  VI),  and  then  only  are  the  threads  knotted; 
this,  for  reasons  already  set  forth  when  treating  of  suture  of  the  olecranon. 
Interrupted  catgut  suture  of  the  torn  parts  of  the  capsule  (see  Fig.  239, 
VII).     Careful  suture  of  the  skin.     Plaster-of- Paris  dressing,  the  knee 
being  slightly  flexed.    This  principle  applied  hy  Koenig  in  cases  of  suture 
of  the  olecranon  has  been  followed  by  Kausch  in  cases  of  suture  of  the 
kneecap.     After  two  weeks,  the  dressing  is  changed  and  the  stitches 
removed.    Several  times  a  day,  careful  active  and  passive  movements. 
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!  of  the  quadriceps.  In  the  interval,  the  limb  is  replaced  in  the 
plaster  dressing',  which  has  been  split  lengthwise.  After  four  to  six 
weeks,  medical  mechanical  exercises  are  be^run. 

In  old  fractures  of  the  kneecap  with  fragments  widely  spread  apart, 
and  impotency,  v.  Bergmann  has  tried  to  mobilize  the  distal  end  by 
chiselling  ofi  flat  the  tibial  tuberosity  and  to  unite  it  by  suture  with  the 
proximal.  But  such  an  attempt  is  generally  unsuccessful.  ScAanz  has 
made  a  muscle  transplantation,  using  to  that  effect  the  sartorius.  Lexer 
carved  out  of  the  quadriceps  a  long  musculo-tendinous  flap  having  its 


Fig.  239.  VII. 


base  on  the  upper  edge  of  the  patella,  turned  it  180°  down  and  fastened 
it  with  wire  and  silk,  under  strong  tension,  to  a  depression  made  for  the 
purpose  on  the  anterior  surface  of  the  lower  fragment,  to  the  patellar 
ligament  and  to  the  periosteum  of  the  tibia,  and  partly  also  to  the  con- 
nective tissue  tracts  uniting  the  broken  ends.  The  result  was  very  good 
after  four  months.  Rotter  cuts  from  the  quadriceps  a  fascial  flap,  hav- 
ing its  basis  on  the  upper  edge  of  the  patella,  turns  it  down  and  stitches 
it  to  the  patellar  ligament,  after  bringing  the  two  fragments  as  near  as 
possible  by  a  peripatellar  silver-wire  suture.  Such  a  peripatellar  wiring 
goes  transversely  through  the  quadriceps  tendon  above  the  kneecap, 
through  the  patellar  ligament  below,  and  is  knotted  on  one  side  of  the 
patella.  This  circular  wiring  has  also  been  proposed  and  executed  as  an 
autonomous  operation. 
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Operation  for  Habitual  Ditloeation  of  the  Kneecap  after  Alt 
Krogiut  (Figs.  240  and  241). 

Cui-ved  skin  incision  on  the  outer  side  of  the  kneecap,  beginning  a 
little  on  the  muscular  belly  of  the  vastus  extemus,  and  ending  below  in 
the  middle  line  on  the  tibial  tuberosity.  Dissection  of  the  skin  of  the 
inner  lip  of  the  wound  to  the  edge  of  the  patella  and  the  inner  part  of  the 
articular  capsule,  and  similar  dissection  of  the  outer  side,  until  the  whole 
anterior  part  of  the  capsule  is  exposed.  Along  the  outer  edge  of  the 
patella,  a  few  centimetres  distant  from  the  latter,  an  incision  is  traced, 
beginning  a  few  fingers'  breadth  above  the  kneecap  and  ending  below 
the  insertion  of  the  patellar  ligament.  This  incision  divides  the  ilio- 
tibial  tract  and  fibrous  capsule  proper.    The  synovial  membrane  is  sepa- 


PlG.  240. 


Fig.  241. 


rated  by  blunt  dissection,  and  not  incised.  Along  the  inner  border  of  the 
kneecap  an  incision  is  carried  from  the  point  of  insertion  of  the  patellar 
ligament  up  to  a  point  situated  in  the  belly  of  the  vastus  intemus  and 
made  to  follow  as  closely  as  possible  the  direction  of  the  fibres  of  the  latter; 
and,  about  two  fingers'  breadth  internally  of  this  incision,  another  simi- 
lar incision  is  made,  parallel  with  the  first  one  or  slightly  diverging  at  the 
upper  end.  These  incisions  also  divide  the  fibrous  capsular  ligament 
down  to  the  synovial  membrane.  By  detaching  the  strip  between  those 
two  incisions  from  the  synovial  membrane,  a  bridgelike  flap  is  made 
which  consists  in  its  lower  portion  of  the  fascia  lata  plus  the  tendinous 
expansion  of  the  vastus  intemus  and  of  the  fibrous  capsule:  in  its  upper 
portion  of  muscle  and  fascia.  The  longitudinal  gap  remaining  Jifter 
dissection  of  said  flap  is  closed  by  suture  with  strong  catgut,  while  the 
bridgelike  flap  is  transferred  to  the  outer  side  of  the  patella  and  inter- 
posed between  the  edges  of  the  incision  there  made,  each  edge  of  the 
flap  being  stitched  to  the  corresponding  lip  of  the  incision  (Fig.  241). 
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Suture  of  the  skin.  Dreasing  in  extension  on  a  splint  After  three  or 
four  weeks,  massage  and  medical  mechanical  exercises. 

This  operation  aims  at  widening  the  too  narrow  external  part  of  the 
capsule,  and,  at  the  same  time,  stretching  the  too  loose  internal  part  of 
the  same.  This  is  done  by  the  musculo-tendinous  strip  taken  from  the 
vastus  intemus  pulling  the  kneecap  inward. 

Expoaurt  of  the  Tibia  and  Fibula,— Under  artificial  anemia,  the 
tibia  is  easily  accessible  for  the  whole  length  of  its  anterior  surface  from 
the  knee  down  to  the  malleolus.  The  fibula  is  reached  in  its  upper  two- 
thirds  through  an  incision  passing  between  the  soleus  and  the  peroneal 
muscles  (peroneus  longus  above,  peroneus  brevis  below).  In  its  lower 
third,  from  the  external  malleolus  upward,  the  fibula  is  close  under  the 
skin  and  easy  to  expose  ventrally  of  the  peroneal  tendons. 

Tapping  of  the  Anhle-Joint. — Enter  the  joint  in  front,  either  on  the 
internal  or  the  external  side  of  the  bundle  of  tendons,  about  in  the  middle 
between  the  latter  and  the  anterior  border  of  the  corresponding  malleolus. 
The  needle  is  driven  horizontally,  internally  1  cm.,  externally  2  cm.  above 
the  tip  of  the  malleolar  process ;  on  the  internal  side,  a  little  obliquely 
outward  and  backward;  on  the  external  side,  obliquely  inward  and  back- 
ward. In  cases  of  effusion  in  the  ankle-joint,  the  anterior  part  of  the 
articular  capsule  is  very  easy  to  reach. 

Tenotomy  of  the  Tendo  AchHUa  after  Bayer. — A  very  satisfactory 
modification  of  subcutaneous  tenotomy  of  the  tendo  AchilHs,  as  described 


on  page  67,  has  been  brought  forward  by  Bayer.  In  this,  the  teno- 
tome is  inserted  into  the  middle  of  the  tendon,  and  one-half  of  the 
latter  is  cut  from  the  centre  toward  the  edge,  just  above  its  inserticm 
into  the  calcaneum;  a  second  incision,  dividing  the  opposite  half  of 
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the  tendon,  is  made  in  a  similar  way  above  at  a  distance  varying  accord- 
ing to  the  amount  of  lengthening  desired  (see  Pigs.  242  and  243). 
When  the  foot  is  straightened,  the  tendon  ends  slide  along  one  another 
in  the  manner  made  clear  by  the  illustrations,  but  they  remain  connected 
together,  as  has  been  ascertained  on  the  cadaver  and  more  frequently 


Fig.  243. 


in  the  living,  so  that  there  is  no  risk  of  seeing  the  function  of  the 
soleus  and  the  gastrocnemius  become  impaired.  The  tendo  Achillis 
recuperates  its  power  quickly.  If,  besides,  the  foot  is  in  talipes  equi- 
nus  or  in  club-foot  position  (Fig.  242),  the  lower  incision  close  to  the 
OS  calcis  is  made  on  the  inner,  and  more  strongly  stretched,  half  of  the 
tendon,  and  the  upper  incision  is  made  on  the  outer  side.  In  case  of 
concomitant  flat  foot,  the  respective  position  of  the  incisions  is  reversed 
(Pig.  243) .  Of  late  we  have  exclusively  used  in  numerous  cases  Bayer's 
type  of  tenotomy. 

Tendon  Transplantation*  on  the  Leg  and  Foot. 

Tendon  transplantations  have  been  performed  extraordinarily  often  in 
the  last  years  for  poliomyelitic  palsies.  In  this  work,  the  secret  of  suc- 
cess lies  certainly  in  a  judicious  selection  of  cases.  According  to  Vvl- 
pius,  a  year  at  least  must  have  elapsed,  and  cases  in  which  extensive 
alterations  of  the  muscles  suitable  for  transplantation  are  manifest,  must 
be  excluded  o  priori.  Moreover,  according  to  Hoffa,  the  deformity,  that 
is,  the  contracture,  must  be  corrected  as  much  as  possible  before  the 
grafting  of  tendons,  the  contractile  power  of  each  muscle  must  be  tested 
most  carefully,  the  technique  of  the  operation  must  be  perfect,  and 
highly  individualized  for  each  case;  finally,  in  the  after-treatment,  fixa- 
tion in  somewhat  overcorrected  position  (the  latter  being  effected  by 
the  tendons  and  Jiot  by  the  plaster  cast)    plays  an  extraordinarily  impor- 
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tant  role.  The  limbs  must  remain  fixed  in  that  overcorrected  position 
for  six  to  eight  weeks,  and  for  the  following  six  or  twelve  months  a 
brace  must  be  worn  to  ward  off  recurrences.  Besides  poliomyelitic 
palsies  of  the  foot  (also  of  the  quadriceps  and  deltoid),  we  still  have  to 
consider  traumatic  paralysis,  and  even,  according  to  Hoffa,  but  only  very 
exceptionally,  certain  cases  of  progressive  muscular  atrophy.  For 
grafting,  we  may  use  not  only  healthy — the  muscle  must  always  be 
healthy — synergetic  muscles,  which  work  in  the  same  way  as  the  para- 
lyzed muscle,  but  also  the  antagonists,  whose  function  is  normally  the 
reverse  of  that  of  the  diseased  muscle.  It  goes  without  saying  that  all 
cases  which  may  present  themselves  cannot  be  described,  and  I  shall 
only  state  briefly  the  most  suitable  methods  for  the  treatment  of  the 
four  most  frequent  paralytic  deformities  of  the  foot.  In  default  of  a 
larger  personal  experience,  I  had  for  this  chapter  the  very  valuable 
assistance  of  Dr.  Gldssner,  for  many  years  Hoffa's  assistant,  and  now 
orthopedic  assistant  to  our  Polyclinic. 

1.  Paralytic  flat-foot. 

Lengthening  of  the  tendo  Achillis  and  redressement.  Transplanta- 
tion of  the  peroneus  brevis  from  the  outer  side  of  the  foot  to  the  inner 
side  and  into  the  scaphoid  bone.  Shortening  of  the  paralyzed  extensors, 
shortening  of  the  tibialis  anterior  and  suture  of  the  latter  with  the  ten- 
don of  the  extensor  hallucis  longus. 

2.  Paralytic  club-foot. 

Lengthening  of  the  tendo  Achillis,  shortening  of  the  extensors, 
eventually  implantation  of  the  tibial  anterior  muscle  on  the  outer  side  of 
the  back  of  the  foot. 

3.  Paralytic  talipes  equinus. 

Lengthening  of  the  tendo  Achillis,  shortening  of  all  extensors. 

4.  Paralytic  hook-foot. 

Shortening  of  the  tendo  Achillis,  eventually  oblique  section  with  a 
chisel  of  the  os  calcis  from  behind  and  up,  downward  and  forward,  and 
sliding  upward  of  the  posterior  fragment. 

Technique  of  Those  Particular  Interventions 

Periosteal  Tendon  Transplantation  After  Lange, 

Under  artificial  anemia,  the  tendon  of  the  peroneus  brevis,  broadly 
inserted  into  the  dorsal  aspect  of  the  tuberosity  of  the  fifth  metacarpal 
bone,  is  exposed  through  a  small  longitudinal  incision  made  on  that 
point,  and  severed  close  to  the  bone.  A  second  incision  (Fig.  244,  A), 
close  behind  and  above  the  external  malleolus,  frees  also  the  same  ten- 
don. The*tendon  of  the  peroneus  brevis  lies  directly  on  the  fibula,  and 
shows  still  a  small  bundle  of  muscular  fibres  on  its  inner  side.  Besides, 
by  pulling  on  the  tendons— the  detached  tendon  is  less  stretched  and 
strong  tractions  enable  us  to  follow  it  easily — the  tendon  of  the  short 
peroneal  muscle  is  easily  distinguished  from  that  of  the  long.    By  means 
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of  an  elevator  slipped  under  the  tendon,  the  latter  is  pulled  out  through 
the  incision  A  and  securely  fastened  with  a  loop  of  stout  silk.  Next,  a 
strong  curved  dressing  forceps  is  pushed  from  A  outward  and  kept  close 
to  the  bone,  between  the  tibiaand  fibula  on  one  side  and  the  tendoAchiUis 
on  the  other,  in  the  direction  of  the  tuberosity  of  the  scaphoid  bone  (Fig. 
245,  C)  and  an  incision  is  made  on  the  tip  of  the  forceps.  We  can  either 
graspthe  silk  thread  in  the  forceps  immediately  when  it  is  introduced  and 
draw  it  out  as  soon  as  the  incision  has  been  made  in  C;  or,  after  drawing 
out  the  forceps,  we  may  reintroduce  it  through  the  incision  C  toward  A, 


Pig.  244. 


80  as  to  widen  the  burrowed  canal  (see  Fig.  246),  and  then  grasp  the  silk 
loop  and  draw  with  it  the  tendon  through  C.  In  children  having  a  car- 
tilaginous scaphoid,  the  surgeon  cuts  a  groove  in  the  latter  with  a  bone 
knife;  in  older  subjects,  the  same  is  effected  by  chiselling;  the  foot  is 
strongly  straightened,  therefore  brought  in  club-foot  position,  and  the 
tendon  is  attached  under  tension  to  the  periosteum  of  both  sides  of  the 
Sfroove  by  several  silk  stitches.     Careful  suture  of  the  skin. 

At  the  same  sitting  the  tendons  belonging  to  the  paralyzed  muscles 
are,  if  need  be,  shortened  on  the  back  of  the  foot.  Exposure  through  a 
longitudinal  incision.  Lifting  of  the  whole  bunch  of  extensor  tendons 
(see  Fig.  247)  by  means  of  a  round  hook  and  blunt  isolation  on  both 
Bides.  Placing  of  a  suture  in  the  manner  represented  more  exactly  (after 
Hoffa)  on  Fig.  247,  right  and  upper  drawing.  The  thread  is  first 
strongly  tied  on  one  side  of  the  tendon,  then  each  of  both  ends  is 
threaded  in  a  needle,  passed  still  a  few  times  transversely  through  the 
tendon,  and  finally  drawn  out  on  the  other  side  of  the  tendon  to  be  tied  a 
second  time  there.    The  bundle  of  tendons  resulting  from  this  purse- 
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string  suture  and  projecting  od  the  back  of  the  foot  is  shaved  off  with  a 
sharp  knife.  A  few  stitches  placed  according  to  Wilma'  technique  of 
tendon  suture  (see  Fig.  82,  on  page  69)  unite  the  stumps  still  more 


exactly.    AH  this  must  be  executed  while  the  foot  is  maintained  in  strong 
dorsal  flexion.    The  knot  remaining  in  the  tendons  when  Hoffa's  method  is 


OPERATIONS  ON  THE  EXTREMITIES  239 

used  does  not  matter,  as  these,  as  a  consequence  of  the  paralysis  of  the 
corresponding  muscles,  are  already  very  atrophied.  Shortening  of  the 
tendon  of  the  anterior  tibial  muscle  and  its  suture  to  the  tendon  of  the 
long  extensor  hallucis  can  still  contribute  considerably  to  raise  the  in- 
ternal border  of  the  foot. 

After  these  various  operative  interferences,  the  foot  must  stay  in 
overcorrection  of  the  desired  position,  and  the  plaster  cast,  which  must 
be  applied  only  loosely,  has  exclusively  as  a  mission  to  keep  what  has 
been  obtained,  and  not  to  secure  any  further  correction. 

The  surgeon  may  also  shorten  separately  each  tendon  with  Lange'a 
reefing  auture,  which  is  sometimes  applied  to  the  tendo  Achillis,  strong 
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Fig.  248. 


Fig.  249. 


silk  being  used  as  suture  material.  Again,  one  may  shorten  also  the  tendo 
Achillis  by  cutting  it  obliquely  in  a  frontal  plane  and  making  both  ends 
slide  along  one  another  till  the  desired  degree  of  shortening  is  reached, 
then  suturing  again  with  fine  silk  threads. 

The  method  of  shortening  broad  and  strong  tendons,  represented  in 
Fig.  249,  is  defective,  and  is  brought  here  simply  for  the  sake  of  com- 
pleteness. 

Ogaton's  Operation  in  Severe  Forma  of  Club-Foot  in  Small 
Children. 

Lateral  skin  incision  from  the  external  malleolus  to  the  calcaneo- 
■cuboidal  joint.     Section  of  the  cartilaginous  part  of  the  astragalus;  the 


240  OPERATIONS  ON  THE  EXTREMITIES 

bony  nucleus  of  the  latter  is  scooped  out  This  ought  to  give  a  satis- 
factory and  easy  redressement,  even  without  tenotomy  of  the  tendo 
Achillis;  which  fact  has  been  confirmed  by  Laiienstein  in  numerous  cases. 

Extirpation  of  Astragalus. 

According  to  Koenig,  we  could  not  do  without  this  operation  in  those 
cases  of  club-foot  which  resist  the  last  correction  in  forced  redressement, 
because  the  articular  surface  of  the  astragalus  has  become  too  narrow 
for  the  tibia-fibula  notch.  The  objective  signs  of  such  a  condition  are  a 
projection  of  the  outer  edge  and  of  the  anterior  surface  of  the  astragalus 
and  a  recession  of  the  fibula  which  seems  nearer  the  Achilles'  tendon. 
Incision  starting  on  the  external  malleolus,  running  along  the  outer  pro- 
jecting border  of  the  astragalus  to  the  outer  limit  of  the  extensor  ten- 
dons, distally  from  the  cuboido-metatarsal  joint.  Said  incision  is  carried 
down  to  the  bone  and  joint.  The  soft  parts  are  retracted  upward  and 
downward  by  means  of  broad  retractors.  Opening  of  the  tibio-tarsal  and 
of  the  astragalo-scaphoidal  joints.  Detachment  of  the  capsule  and  liga- 
ments on  the  dorsal  side  of  the  astragalus  with  dissection  forceps  and 
knife,  until  the  head  and  the  neck  of  the  bone  are  thoroughly  denuded. 
Then,  under  strong  adduction,  the  anterior  and  posterior  astragalo-pero- 
neal  ligaments  are  divided  with  a  bone  knife,  as  well  as  the  calcaneo- 
peroneal  ligaments  and  the  fibrous  tracts  filling  in  the  sinus  tarsi.  The 
head  and  neck  of  the  astragalus  are  pushed  forward  by  means  of  a  strong 
elevator  inserted  in  the  astragalo-scaphoidal  joint,  section,  or  detach- 
ment of  the  deltoid  ligament  with  sharp  and  pointed  resection  scissors 
or  with  a  chisel.  Finally,  division  of  the  posterior  ligaments  between 
the  astragalus  and  os  calcis.    Then  redressement 

Phelps*  Operation  in  Obstinate  Club-Foot  (after  f/(#a'8  text-book). 

First,  subcutaneous  tenotomy  of  the  tendo  Achillis  following  Bayer^s 
technique.  While  the  surgeon  tries  simultaneously,  by  manual  strength, 
or  with  a  special  redresseur,  to  bring  the  club-foot  in  reverse  position, 
he  divides  through  a  skin  incision  beginning  exactly  opposite  the  inter- 
nal malleolus  and  running  to  the  inner  side  of  the  neck  of  the  astragalus, 
all  soft  parts  resisting  redressement,  first  the  tendon  of  the  posterior 
tibial  muscle  near  its  insertion  into  the  scaphoid  bone,  next  the  abductor 
hallucis,  the  plantar  fascia,  the  flexors,  brevis  and  longus,  and  the  deltoid 
ligament ;  after  each  division  of  a  structure,  more  strength  is  applied  to 
the  foot  so  as  to  produce  an  ever-increasing  correction.  If  the  foot  cannot 
always  be  brought  in  an  overcorrected  position,  Phelps  has  recourse  to  a 
linear  chisel  section  of  the  neck  of  the  astragalus,  and  if  this  latter 
measure  is  not  yet  sufficient,  to  a  resection  of  a  wedge-shaped  portion 
of  bone  from  the  body  of  the  calcaneum,  the  end  of  which  falls  together 
with  a  piece  of  the  astragalus.  The  extraordinarily  wide  gap  left  by 
Phelps*  operation,  on  account  of  the  transversal  skin  wound  on  the  inner 
border  of  the  foot  requires  a  long  time  to  heal  by  granulation.  To 
obviate  this,  Bessel-Hagen  substitutes  for  the  transversal  jncision  a  longi- 
tudinal, which  is  closed  by  suture  once  the  operation  is  completed.    The 
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division  of  the  deeper  soft  parts  is  a  little  more  difficult,  but  with  a  little 
dexterity,  ought  to  be  carried  out  very  satisfactorily. 

Cuneiform  Oateotomy  for  Club-Fool  (after  Koenig's  text-book). 

Transversal  skin  incision  beginning  on  the  tuberosity  of  the  scaphoid, 
and  running  over  the  highest  point  of  the  convexity  of  the  club-foot  and 
thence  to  the  outer  side  of  the  foot.  The  skin  is  dissected  backward,  the 
fascia  split,  the  extensor  tendons  retracted  out  of  the  way,  until  Ckopart's 
joint  is  reached.  Then  a  wedge  with  external  base  on  the  caleaneura, 
astragalus,  and  cuboid,  and  apex  on  the  inner  side  of  the  foot  in  the 
scaphoid  bone,  or  even  taking  in  the  whole  of  this  latter  bone,  is  excised 
with  a  bone  knife  if  the  bone  is  soft,  with  a  chisel  if  it  is  hard.  The 
wedge  must  be  so  large  that  the  correction  is  more  than  complete. 
Exact  coaptation  of  the  skin.     Plaster  bandage,  not  too  tightly  applied. 

Ogston'*  Operation  for  Fiat-Foot  aa  Modified  by  Schwarze  (after 
Hoffa's  text-book). 

This  operation  is  devised  for  the  most  extreme  forms  of  flat-foot,  also 
for  those  of  traumatic  origin.  Incision,  beginning  1  cm.  distally  of  the 
tip  of  the  interna]  malleolus,  going  to  the  first  cuneiform,  and  reaching 
in  depth  to  the  bone.  Lifting  away  of  the  periosteum,  together  with 
the  soft  parts  from  the  dorsum  and  from  the  plantar  side.  Removal 
(without  any  attention  being  paid  to  joints)  of  a  wedge  of  the  skeleton 
of  the  foot;  generally  the  whole  scaphoid  and  the  anterior  articular  sur- 
face of  the  astragalus  are  removed  by  this  procedure,  which  is  carried 
out  with  a  hammer  and  a  narrow  cutting  chisel.     The  cuneiforms  are 


wired  to  the  astragalus  stump,  the  wound  closed,  and  a  plaster  cast 
applied  in  corrected  position. 

Trendelenburg  and  Hahn  correct  marked  traumatic  cases  of  flat-foot 
by  a  linear  osteotomy  of  the  tibia  and  fibula  just  above  the  ankle-joint. 
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performed  as  subcutaneously  as  possible,  through  two  articular  incisions, 
one  on  the  inner,  one  on  the  outer  side.  The  leg  is  held  under  the  left 
arm  of  the  operator,  and  the  foot  is  strongly  pressed  inward  and  enclosed 
in  a  plaster  cast  while  straightened.  Eventually,  the  Achilles'  tendon 
must  also  be  tenotomized ;  Hoffa  calls  attention  specially  to  the  fact  that 
the  latter  tendon  may  be  an  obstacle  to  redressement. 

Operation  for  Hallux  Valgus  after  Riedel  (Fig.  250).— Marked 
forms  of  hallux  valgus  can  be  corrected  by  a  cuneiform  osteotomy  at  the 
distal  end  of  the  first  metatarsal  bone,  proximal  to  its  head.  A  longi- 
tudinal incision  carried  on  the  most  prominent  point  of  the  head  exposes 
there  the  bone.  The  periosteum  is  detached  circularly  by  means  of  two 
periosteal  elevators,  and  with  a  fine  hand-saw  or  a  slender  cutting  chisel 
the  two  surfaces  limiting  the  wedge  are  cut,  first  the  peripheral,  then 
the  proximal.  Straightening  of  the  toe.  When  the  internal  part  of  the 
head  of  the  metatarsus  projects  much,  it  can  be  chiselled  flat,  whereby, 
however,  the  joint  is  always  opened.  In  RiedeVs  cuneiform  osteotomy, 
the  tendon  of  the  extensor  hallucis  longus,  which  extends  as  the  string  of 
a  bow  from  the  dorsum  of  the  foot  to  the  basis  of  the  nail  phalanx  of  the 
big  toe  (see  in  Fig.  250,  the  dotted  lines  in  B  and  C  on  the  outer  side  of 
the  metacarpo-phalangeal  articulation)  is  considerably  displaced  toward 
the  outer  side  of  the  foot.  But  we  can  detach  it  from  its  insertion  into 
the  base  of  the  nail  phalanx,  and  suture  it  again  to  the  periosteum 
nearer  the  inner  border  of  the  foot. 


VI.    operations  on  the  Head 

A.  Operations  on  tlie  SkoU 

Preliminary  Anatomical  Remarks 

The  bones  of  the  skull  are  covered  by  the  scalp  and  periosteum.  The 
former  consists  of  the  skin  with  the  subcutaneous  fatty  tissue  and  of  the 
galea  aponeurotica.  These  two  layers  are  connected  together  by  exceed- 
ingly dense  bundles  of  connective  tissue,  which  inclose  between  them- 
selves a  moderate  amount  of  fibro-adipose  tissue.  Skin  and  galea  can  be 
separated  from  one  another  only  with  the  utmost  difficulty :  on  the  con- 
trary, the  galea  is  attached  to  the  periosteum  only  by  long  fibres  of  loose 
connective  tissue,  which  allow  easily  collections  of  pus,  blood,  or  lymph 
to  gather.  The  connections  are  somewhat  more  intimate  only  along  the 
sutural  lines.  On  account  of  this  loose  connection,  we  must  absolutely 
avoid  pulling  strongly  on  the  skin  when  forming  a  skin-periosteum-and- 
bone  flap 

The  bloodvessela  and  nerves  run  principally  in  the  scalp.  The 
former  have  only  a  few  insignificant  anastomoses  with  the  bloodvessels 
of  the  diplo^  and  of  the  dura,  but,  in  case  of  suppurations,  these  may 
become  the  cause  of  a  fatal  ending.  The  arteries  come  all  from  below 
and  converge  toward  the  vertex.  They  have  very  numerous  anastomoses. 
Therefore,  a  flap  having  only  a  narrow  pedicle,  but  including  the  whole 
scalp,  does  not  undergo  necrosis  even  when  its  basis  lies  on  the  vertex. 
Nevertheless,  on  account  of  this  direction  of  the  arteries,  we  always 
endeavor  to  place  the  pedicle  of  the  flap  downward. 

The  different  larger  arterial  and  nervous  trunks  are,  going  from  in 
front  backward : 

1.  The  frontal  and  supraorbital  artery  (arising  from  the  ophthalmic 
and  consequently  from  the  internal  carotid)  with  the  frontal  and  supra- 
orbital nerve  (origin,  first  branch  of  the  trigeminal  nerve)  in  the  upper 
and  inner  angle  of  the  orbit. 

2.  The  superficial  temporal  artery  (frontal  and  parietal  branch)  with 
the  auriculo-temporal  nerve  (origin,  third  branch  of  trigeminus)  close  in 
front  of  the  external  ear. 

3.  The  posterior  auricular  artery  close  behind  the  auricle. 

4.  The  m^'or  occipital  artery,  immediately  behind  the  basis  of  the 
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mastoid  process,  and  close  behind  said  artery,  on  the  posterior  border  of 
the  stemo-cleido-mastoid  muscle,  the  minor  occipital  nerve.  Farther 
behind,  about  2  or  3  cm.  distant  from  the  middle  line,  runs  the  major 
occipital  nerve  (both  arising  from  the  cervical  plexus). 

The  lymphatic  vessels  of  the  scalp  are  extraordinarily  numerous.  In 
the  main,  those  of  the  forehead  terminate  into  the  glands  situated  over 
and  in  the  parotid,  those  of  the  lateral  parts  of  the  head  into  the  glands 
near  the  origin  and  posterior  border  of  the  sterno-cleido-mastoid,  and 
those  of  the  back  region  of  the  head  into  the  occipital  glands  below  the 
external  occipital  protuberance. 

The  periosteimi  adheres  everywhere  fairly  firmly  to  the  bone,  espe- 
cially near  the  sutures.  The  surface  of  the  bone  is  almost  everywhere 
smooth,  its  thickness,  however,  shows  important  variations  in  different 
individuals.  It  includes  the  compact  external  table,  the  spongy  layer 
with  its  large  and  numerous  venous  channels  communicating  with  the 
sinuses  and,  through  the  emissary  vein,  with  the  veins  of  the  scalp  and 
causing  considerable  difficulty  on  account  of  bleeding  when  the  bony 
skull  is  opened;  finally,  the  vitreous  and  thin  internal  table  (vitrea). 

On  its  inner  side,  the  bone  is  lined  by  the  tough  dura  mater,  which 
adheres  to  the  bone  rather  loosely  in  adults,  but  on  the  contrary  rather 
firmly  in  children  and  pregnant  women,  and  normally  also  in  a  few 
places  (sphenoid  and  occipital  bones).  But  almost  everywhere,  even  in 
the  vicinity  of  sutures  and  sinuses,  it  can  be  detached  with  a  blunt 
instrument  from  the  bone. 

The  most  important  bloodvessel  of  the  dura  mater  is  the  middle  me* 
ningeal  artery,  which,  arising  from  the  internal  maxillary,  enters  the 
cranial  cavity  through  the  foramen  spinosum  and  runs  in  a  special  bony 
groove  on  the  internal  surface  of  the  greater  sphenoidal  wing.  It  then 
divides  into  an  anterior  branch,  running  on  the  greater  sphenoidal  wing 
to  the  anterior  part  of  the  parietal  bone,  and  a  posterior,  running  on  the 
squamous  portion  of  the  temporal  to  the  posterior  part  of  the  same 
parietal  bone.    The  bone  shows  corresponding  deep  grooves  (sulci). 

In  order  to  strike  accurately  every  time,  when  opening  the  skull,  the 
desired  place,  we  must  be  able  to  project  on  the  outer  surface  of  the  cov- 
ering of  the  skull  the  outlines  of  the  cranial  contents.  The  places  most 
important  to  thus  project  are: 

1.  Both  branches  of  the  middle  meningeal  artery. 

2.  The  sulcus  centralis  of  Rolando  (central  fissure)  to  determine  the 
limit  between  the  anterior  and  posterior  central  convolutions. 

3.  The  fissure  of  Sylvius,  to  estimate  the  limit  between  the  frontal 
and  central  convolutions  on  one  side,  and  the  temporal  lobe  on  the  other. 

I  give  first  the  estimation  of  those  different  structures  following 
Krordein's  construction,  which  is  not  based  upon  absolute,  but  upon  rela- 
tive, figures  proportional  to  the  dimensions  of  the  skull,  which  vary  with 
each  particular  case  under  consideration.  KrorUein  has  also  devised  a 
craniometer,  which  embodies  the  system  of  lines  of  his  construction. 
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This  system  of  lines  is  as  follows  (see  Fig.  251) : 

1.  The  German  horizontal  line  is  a  line  passing  through  the  infra- 
orbital ridge  and  the  upper  border  of  the  external  auditory  canal  (J, 
G,M). 

2.  The  upper  horizontal  line  is  parallel  with  the  precedent,  and 
level  with  the  upper  orbital  ridge  (A,  B,  P). 

8.  The  anterior  vertical  line  is  a  line  drawn  perpendicularly  to  the 
German  horizontal  from  the  middle  of  the  zygomatic  arch  (J)  up- 
ward. 

4.  The  middle  vertical  line  is  a  similar  line  drawn  vertically  upward 
from  the  articular  condyle  of  the  lower  jaw. 

5.  The  posterior  vertical  line  is  perpendicular  to  the  German  hori- 
zontal, and  drawn  verti- 
cally upward  through  the  P- 
posterior  border  of  the 
mastoid  process. 

6.  The  vertex  line 
goes  from  the  root  of  the 
nose  to  the  middle  of  the 
external  occipital  protu- 
berance. 

The  crossing  point(A) 
of  the  upper  horizontal 
with  the  anterior  vertical 
is  the  spot  where  to  ligate 
the  anterior  branch  of 
the  middle  meningeal 
artery,  and  to  evacuate 
epidural  hematomata  due 
to  a  tear  of  the  same 
artery. 

The  crossing  point  of 
the  posterior  vertical  and 
of  the  upper  horizontal 
(Pe)  is  the  place  where 
to  ligate  the  posterior 
branch  of  the  middle  meningeal  artery  and  to  evacuate  epidural  blood 
extravasations  due  to  a  rupture  of  the  same. 

In  the  square  limited  by  both  horizontal  lines  and  the  middle  and 
posterior  verticals  otitic  abscesses  of  the  temporal  lobe  are  to  be 
evacuated,  according  to  v.  Bergmann  {B,  P,  M,  Q). 

If  we  lengthen  the  posterior  vertical  up  to  the  sagittal  line  and  unite 
the  intersection  of  both  lines  with  the  point  A  (intersection  of  the  upper 
horizontal  and  of  the  anterior  vertical),  we  obtain  an  oblique  line  repre- 
senting the  course  of  the  fiaaure  of  Rolando  (talcua  centralis),  the 
upper  end  of  which  corresponds  to  the  point  R.    The  lower  end  of 
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Rolando's  fissure  is  at  the  crossing  point  of  the  oblique  and  of  the 
middle  vertical  lines. 

If  we  divide  into  two  equal  parts  the  angle  between  the  oblique 
(Rolando's  line)  and  the  upper  horizontal  lines,  we  obtain  Sylvius'  line^ 
which  indicates  the  course  of  the  fi—ure  of  Sylvius. 

Kocher's  method  of  estimating  these  different  points  is  very  different 
from  Kr&nlein*s  and,  as  it  is  widely  used,  it  must  be  exposed  here  in 
detail. 

The  accompanying  illustration  (Fig.  252,  on  page  247)  comes  from 
FfeHfer's  article  on  exploratory  tapping  of  the  brain. 

Kocher  determines  the  position  of  the  precentral  fissure  and  of  the 
fissure  of  Sylvius.  Behind  the  precentral  fissure  lies  the  anterior  cen- 
tral convolution  which,  according  to  the  latest  animal  experiments  and 
Kravse*s  researches  in  men,  contains  essentially  the  motor  centres. 
Kocher*8  craniometer  consists  of  nickel-plated,  flexible  steel  bands  carry- 
ing a  millimetre  division ;  one  is  placed  transversely  around  the  equator 
of  the  head  above  the  insertions  of  the  auricles,  from  the  glabella  to  the 
external  occipital  protuberance  and  is  held  fast  on  the  head  by  means  of 
screws :  it  indicates  the  equatorial  line,  and  is  called  the  equatorial  hand 
(N,  A,  B,  0).  A  second  band  adjusted  vertically  and  perpendicular  to 
the  former  follows  the  sagittal  and  middle  line  of  the  skull  (sagittal 
meridian) ;  it  is  the  fixed  meridian  band  (N,  5,  L,  0) .  Along  this  band 
slides  a  movable  third  band,  which  can  be  rotated  and  placed  at  any 
angle  with  the  sagittal  meridian:  it  is  the  movable  meridian  band. 
With  the  latter  slides  a  semicircular  plate  bearing  a  graduation  on  its 
circumference  (not  represented  on  Fig.  252).  The  horizontal  band  selrves 
to  determine  the  base  of  the  skull  and  also  to  give  a  firm  support  to  the 
other  bands.  If  we  place  the  movable  meridian  exactly  midway  between 
the  glabella  and  the  external  occipital  protuberance  at  a  60°  angle  opening 
forward  with  the  fixed  sagittal  meridian  (S,  A),  we  obtain  the  course 
of  the  precentral  fissure,  the  precentral  line  of  Kocher. 

If  we  divide  the  length  of  this  latter  line  between  the  sagittal  merid- 
ian and  the  equator  into  three  equal  parts,  the  two  points  of  division 
correspond  about  exactly  to  the  beginning  of  both  frontal  sulci  which 
separate  the  three  frontal  convolutions  from  one  another. 

If  we  place  the  movable  meridian  so  that  it  forms  a  60°  angle  open 
backward  with  the  sagittal  meridian,  we  obtain  the  limiting  line  of 
Kocher  (S,  B) ,  the  significance  of  which  will  be  explained  a  little  farther 
below. 

If  we  make  the  movable  meridian  together  with  the  graduated  half 
circle  slide  on  the  fixed  meridian  to  a  point  situated  1  cm.  above  the 
always  easily  palpable  lambda  suture  (L)  and  place  it  there  in  the  direc- 
tion of  the  lower  end  of  the  glabella  (N) ,  we  thus  obtain  the  naso-lamb- 
doidal  line  of  Kocher' s  (Poirier).  The  segment  of  said  naso-lambdoidal 
line  included  between  the  precentral  (S,  A)  and  limiting  (S,  B)  lines 
corresponds  to  the  whole  length  of  the  first  temporal  convolution,  and» 
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accordingly,  is  called  by  Kocker  lines  temporalis  I.    The  anterior  end  of 

this  first  temporal  line  marks  the  anterior  end  of  Sylvius'  fissure,  the 

posterior,  the  lower  and  posterior  border  of  the  first  temporal  convolution. 

The  posterior  end  of  the  naso-lambdoidal  line  corresponds  to  the 


parieto-occipital  fissure,  and  consequently  to  the  limit  of  the  parietal  and 
occipital  lobes. 

The  temporal  lobe,  according  to  Kocher,  must  be  sought  between  the 
equatorial,  precentral.  na^o-'''       '-iHol,  and  limiting  lines,  the  occipital 
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lobe  between  the  equatorial,  limiting,  and  naso-lambdoidal  lines  and  the 
sagittal  meridian. 

Tapping  of  the  Brain  (after  Neisser-Pollack) . 

Considering  the  frequent  great  difficulty  in  diagnosing  the  seat,  nature, 
and  extension  of  a  brain  disease,  Neisser-Pollack* 8  tapping  of  the  brain 
must  be  hailed  as  a  progress.  Pfeifer  has  added  Netsser-PoUack* s  points 
for  tapping  to  Kocher's  diagram  of  cranio-encephalic  topography.  I 
shall  give  here  what  is  essential  to  know,  following  Pfeifer^s  remarkable 
monograph  (On  exploratory  tapping  of  the  brain  after  drilling  of  the 
skull,  for  the  diagnosis  of  brain  tumors.  Inaugural  dissertation,  Halle, 
1907). 

Points  for  Tapping  the  Frontal  Lobe  (Fig.  252,  1  and  2) . 

These  are  situated  on  a  line  drawn  backward  parallel  with  the  sagittal 
line  through  the  middle  of  the  upper  orbital  ridge,  one  4  cm.,  the  other 
8  cm.  distant  from  the  same  ridge  (anterior  comu  of  the  lateral  ventricle 
reached  at  a  depth  of  2  to  5  cm.). 

Point  for  Tapping  the  Cerebellwn  (Fig.  252,  10) « 

Middle  of  a  line  drawn  from  the  external  occipital  protuberance  to 
the  tip  of  the  mastoid  process,  therefore  below  the  equatorial  line:  the 
latter  corresponds  to  the  lateral  sinus  which  must  be  avoided. 

Points  for  Tapping  the  Central  Convolutions  (Fig.  252,  3,  4,  and  6). 

— The  anterior  branch  of  the  middle  meningeal  artery  which  corresponds 
to  the  precentral  line  of  Kocher  must  be  avoided;  the  three  points  are 
situated  1  cm.  behind  the  precentral  line  between  the  naso-lambdoidal 
and  the  sagittal  lines.  Forward  of  this  same  precentral  line  and  above 
the  naso-lambdoidal  line,  we  may  also  strike  the  three  frontal  convolu- 
tions. 

Point  for  Tapping  the  Parietal  Lobe  (Fig.  252,  8). 
Middle  of  the  triangle  delimited  by  the  sagittal,  naso-lambdoidal,  and 
Kocher's  limiting  line. 

Point  for  Tapping  the  Occipital  Lobe  (Fig.  252,  9). 
Middle  of  the  quadrilateral  figure  included  between  the  sagittal,  equa- 
torial, limiting,  and  naso-lambdoidal  lines. 

Points  for  Tapping  the  Temporal  Lobe  (Fig.  252,  6  and  7). 

One  lies  1  or  1.5  cm.  above  the  insertion  of  the  auricle,  the  other  1.5 
cm.  farther  forward,  and  parallel  with  the  German  horizontal.  The 
course  of  the  posterior  branch  of  the  middle  meningeal  artery  corresponds 
fairly  to  Kocher* s  linea  temporalis  I  (see  above). 

The  inferior  horn  is  at  a  depth  of  about  3  cm.  in  the  brain. 

Point  for  Tapping  the  Lateral  Ventricles  (after  Kocher). 

Determination  of  the  crossing  point  of  the  coronal  (occipital)  and 
sagittal  sutures  (the  bregma  of  anthropological  craniometry).  Later- 
ally of  this  point,  at  2  cm.  distance  after  Kocher,  at  2.5  to  3  cm.  after 
Neisser-Pollack,  the  lateral  ventricle  will  be  found  at  a  4  or  5  cm.  depth, 
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even  sooner  in  case  of  distended  ventricle.   If  we  push  the  needle  deeper, 
we  may  wound  the  tela  chorioidea. 

Tapping  and  aspiration  may  evacuate  some  serous  fluid,  pus,  blood, 
and  draw  out  small  particles  of  tumor  tissue.  According  to  the  depth 
where  evacuation  has  taken  place,  we  may  figure  the  position  of  a  cyst, 
an  abscess,  a  hematoma,  a  tumor.  (Consequently  tapping  has,  in  case 
of  tumor,  more  than  the  mere  diagnostic  value  of  which  we  spoke  at 
first. 

An  accurate  bacteriological  and  histological  examination  of  the  speci- 
men obtained  by  tapping  is  very  important:  the  histological  examination 
must  be  made  both  on  the  fresh  tissue  and  after  inclusion. 

According  to  I^eifer,  who  has  performed  89  tappings  of  the  brain  in 
20-  patients,  the  technique  is  as  follows : 

Placing  of  the  patient  on  the  operating  table. 

Shaving  of  the  scalp  on  a  large  surface. 

Estimation  of  the  position  of  the  part  of  the  brain  to  be  tapped  by 
means  of  Kocher's  craniometer  and  marking  with  lunar  caustic  of  the 
place  where  the  hole  will  be  drilled.  I  find  that  a  better  marking  is 
obtained  with  a  droplet  of  sterile  aqueous  solution  of  methylene  blue 
injected  with  a  fine  needle. 

Disinfection  of  the  scalp. 

Anesthetization  of  the  spot  with  ethyl  chlorid. 

Perforation  of  the  soft  parts  and  bone  with  an  electrically  driven  per- 
forator (greatest  possible  number  of  revolutions;  the  quicker  the  perfora- 
tion is  effected,  the  less  painful  it  is).  The  perforator  is,  as  a  general 
rule,  applied  perpendicularly  to  the  surface:  but  in  case  of  the  cerebel- 
lum it  is  strongly  depressed  toward  the  nape  of  the  neck,  as  here  we  have 
thick  soft  parts,  the  surface  of  which  does  not  run  parallel  with  the  bone 
(see  Fig.  252). 

Others  bore  the  hole  with  a  drill  (Fig.  253)  or  with  the  2  mm.  drill 
figured  in  illustration  254,  on  which  Krause,  in  order  to  avoid  piercing 
through  the  dura  and 
brain,  screws  a  metal- 
lic shoe  about  1  to  1.5 
cm.  above  the  point. 

After  the  external  ^ig.  253. -j  natural  size. 

table   has  been   gone 

through  there  is  a  de-  ~       ^^s^s^^^m^m 

crease  in  the  resistance  Fig.  264.— j  natural  size. 

followed  by  an  increase 

when  the  internal  table  is  attacked.    While  the  perforator  is  withdrawn, 

the  thumb  and  indicator  finger  of  the  left  hand  are  closely  applied  one  on 

each  side,  so  as  to  prevent  sliding  of  the  soft  parts  and  to  be  sure  to 

strike  again  in  the  drilled  bone  canal  with  the  tapping  needle. 

Look  for  any  fluid  that  may  then  escape:  as  the  dura  has  not  yet 
been  opened,  it  must  come  from  the  epidural  space. 


250  OPERATIONS  ON  THE  HEAD 

For  the  tapping,  Pfeifer  does  not  use,  as  Neisser  and  Pollack  do,  steel, 
but  platinum-iridium,  needles,  1.3  mm.  thick,  and  having  a  lumen  0.8 
mm.  wide:  this  lumen  is  occluded  while  the  needle  is  driven  in  by  a 
platinum  mandrin.  The  needles  must  carry  a  graduation  in  centimetres. 
Krause  uses  thin-walled  steel  needles,  bevelled  at  their  end,  and  having 
at  most  1.8  mm.  in  diameter. 

The  dura  is  reached  at  a  depth  of  about  1.5  cm. ;  it  offers  a  notable 
resistance,  especially  when  a  blunt  needle  is  used.  The  needle  is  never 
pushed  deeper  in  the  brain  substance  than  3  to  4  cm.  from  the  point  of 
entrance  through  the  dura. 

After  reaching  the  deepest  point,  the  operator  withdraws  the  mandrin, 
adjusts  the  syringe  {lyeifer  uses  Luer's  syringe  with  ground  glass 
plunger.  The  ordinary  10  c.c.  Record  syringes  are  just  as  well  suited  for 
the  purpose),  and  aspirates  while  the  needle  is  withdrawn  centimetre  by 
centimetre,  and  more  strongly  in  those  places  offering  a  special  resist- 
ance, as  noted  while  introducing  the  needle. 

Removal  of  the  syringe  before  the  needle  is  completely  drawn  out  of 
the  brain,  so  as  not  to  suck  at  the  same  time  bone-dust  or  secretion  com- 
ing from  the  drilled  canal. 

Vigorous  flushing  through  of  the  tapping  needle  in  a  small  glass  jar, 
or,  in  case  of  fluids,  in  a  slender  vial. 

Trephining 

By  trephining  we  mean  the  removal  of  parts  of  the  bony  cranial  vault, 
be  it  for  lesions  of  the  bone  due  to  osteomyelitis,  tuberculosis,  syphilis, 
tumors,  or  for  accidental  opening  of  the  skull,  for  instance,  in  depressed 
fractures,  or  for  entering  the  skull  cavity,  for  instance,  in  cases  of  for- 
eign bodies,  abscesses,  blood  extravasations,  cysts,  parasites,  infectious 
and  genuine  tumors,  and  cortical  epilepsy. 

In  former  times,  we  used  the  so-called  trephine  (see  Fig.  255),  provided 
either  simply  with  a  handle  or  with  a  wimble  (see  Fig.  256).  The  tre- 
phine crown  (see  Fig.  257)  is  fitted  on  its  inside  with  a  movable  point 
(pyramid)  which  is  at  first  adjusted  so  that  it  projects  2  or  3  mm.  below  the 
teeth  of  the  crown  and  is  fastened  there  by  means  of  the  lateral  screw. 
After  the  soft  parts  have  been  incised  and  the  periosteum  pushed  away 
with  a  raspatory  or  an  elevator,  this  point  is  placed  perpendicularly  to 
the  skull  and  screwed  into  the  same  by  rotation  movements  (handle  lying 
transversely  in  the  palm,  index  finger  on  the  trephine),  until  the  teeth 
bite  well  in  the  bone  all  around  and  cut  a  circular  groove  about  1  or  2 
mm.  deep.  Then  the  centre  pyramid  is  removed  and  the  boring  con- 
tinued without  it.  The  diplo^  offers  much  less  resistance  than  the 
external  table,  but  bleeds  strongly.  When  the  diploe  has  been  gone 
through,  which  is  known  by  the  again  increasing  resistance,  we  must 
become  very  prudent  in  our  further  boring.  After  each  few  turns  of  the 
instrument,  we  must  withdraw  the  latter  and  examine  with  a  fine  probe 
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if  the  interna  is  already  completely  divided  in  any  point,  or  try  with  an 
elevator  inserted  into  the  groove  whether  the  trephined  ring  already 
yields.  In  the  latter  case,  we  may  introduce  into  the  fissure  a  narrow 
elevator  and  pry  off  the  disc.  Older  surgeons  employed  to  that  effect  a 
tirefond  (see  Fig.  258) ,  that  is,  a  conical  metal  screw  which  was  screwed 
with  the  help  of  the  handle  in  the  hole  made  by  the  point  of  the  trephine. 
The  screw  remains  there  fast;  from  time  to  time  the  handle  is  adjusted 


Fig.  255.— i  natural  size. 


Fig.  257. — i  natural  size. 


Nat.  size. 


Fig.  258.— J  natural  size. 


Fig.  256. 


and  the  surgeon  tries  to  carry  off  the  disc.  Whatever  part  remains  of 
the  internal  table  is  removed  by  means  of  the  special  knife  figured  in  Fig. 
259,  which  carries  a  lentil-shaped  knob  and  must  be  grasped  with  the 
whole  closed  hand. 

The  size  of  the  holes  which  we  can  bore  with  such  a  trephine  is 
naturally  small.     We  can  reach  almost  the  same  in  a  much  more  simple 
and  economical  way   with 
Doyen's  f raise,  said  f raise, 
in  default  of  an   electrical 
drill,    being    adjusted    on  Fig.  259. 

Sfi/fe'8handle(seeFig.260), 

or  on  a  cabinet-maker's  wimble  (Fig.  256).  The  skull  is  first  perforated 
with  the  flat  blade  (Fig.  260)  down  to  the  vitreous  table,  and  the  hole  is 
then  widened  to  the  desired  size  by  means  of  one  of  the  spherical  fraises. 
These  are  blunt  on  their  extremity,  so  they  push  before  them  the  tough 
and  resistant  dura  without  injuring  it.    The  flat  fraise  represented  in 
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Fig.  260  (above  and  to  the  right)  makes  also  neat  holes  of  uniform  depth. 
To  insure  its  grip  on  the  skull,  it  is  provided  as  a  trephine  crown  with  an 
adjustable  point  which  can  be  pushed  downward,  fastened  and  drawn 
again  upward.  The  mechanism  is  clearly  illustrated  by  the  figure.  Small 
fragments  of  bone  remaining  attached  to  the  edge  of  the  hole  in  the 
internal  table  are  easily  broken  off  from  within  outward  by  means  of  an 
elevator  inserted  between  the  dura  and  bone.     A  small  trephine  opening 

made  with  Doyen's  fraise 
may  be  converted  very 
easily  into  a  larger  one  with 
the  help  of  a  Luer  curved 
rongeur  introduced  between 
the  internal  table  and  the 
dura,  after  the  latter  has 
been  cautiously  detached  a 
little,  and  which  bites  off 
pieces  from  the  bony  edges. 
To  that  effect  the  rongeur 
must  be  held  very  firmly, 
but  works  very  satisfacto- 
rily without  splintering  the 
vitreous  table.  This  meth- 
od, in  those  cases  in  which 
haste  is  needed  and  in  which 
we  have  no  intention  of  pre- 
serving the  bone,  is  extraor- 
dinarily simple  and  rapid 
and  causes  comparatively 
very  little  bleeding  from 
the  vessels  of  the  dipIo€. 
It  is  particularly  resorted 
to  when  permanent  decom- 
pression of  the  brain  is 
sought  by  means  of  a  large 
bone  opening. 

ChUrnl  Trephining. — 
When  carried  out  sparingly, 
with  short  blows  of  a  ham- 
mer of  soft  and  yielding 
wood  (linden,  poplar),  tre- 
phining by  means  of  a  chisel  has  not  the  disadvantage  of  causing  brain 
concussion  commonly  ascribed  to  it.  We  use  narrow  bursting  chisels 
(Fig.  88,  I,  on  page  73),  the  comer  of  which  is  placed  so  that  it  always 
goes  first  before  the  rest  of  the  blade.  We  cut  first  a  groove  in  the  bone, 
and,  for  this,  the  bevelled  chisel  surface  must  always  be  turned  toward 
the  piece  of  bone  to  be  removed.     The  splinters  which  thereby  form  on 
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that  side  are  broken  off  with  a  dissection  forceps  or  carefully  chiselled 
off.  The  resulting  groove  is  deepened  always  more  and  more  till  the 
vitreous  table  ia  reached.  A  few  gentle,  short  strokes  of  the  hammer 
on  the  chisel  directed  perpendicularly  to  this  table  make  it  burst  along 
an  even  line  corresponding  to  the  external  groove. 

We  use  this  chisel  trephining  almost  only  for  diseases  of  the  skull 
itself,  and  for  depressed  fractures.  In  the  latter  cases,  according  to 
whether  our  patient  is  young  or  old,  the  separate  fragments  have  kept 
their  connections  together  or  are  completely  detached  and  more  or  less  dis- 
placed between  the  dura  and  skull,  or  even  have  penetrated  into  the  brain 
after  wounding  the  dura.  There- 
fore, in  most  cases,  we  must  first 
make  an  opening  so  as  to  remove 
the  completely  detached  fragments, 
or  as  to  be  able  to  lift  up  those 
having  still  retained  connections 
with  the  surrounding  structures. 
To  this  effect,  we  chisel  the  base 
of  one  of  the  broken  sectors  in  the 
manner  represented  in  Fig,  261, 
and  remove  it  (we  may  remove  it 
aseptically  and  later  reimplant 
it).  So  as  not  to  press  down 
still  stronger  the  other  fragments 
while  we  are  raising  this  one,  we 
use  a  second  elevator  as  a  fulcrum 
(as  shown  in  Fig.  261),  and  break 
the  fragment  from  within  outward. 
We  then  introduce  an  elevator  in 
the  gap,  we  lift  again  in  place  the 
sunken  fragments  and  extract  the 
completely  detached  parts  of  the 
vitreous  table.  If  we  are  compelled 
to  chisel  off  the  whole  depressed 

section,  we  may  cover  partially  the  defect  by  replacing  some  of  the 
fragments  in  the  wound,  mosaiclike.  It  is  not  indispensable  to  reim- 
plant all  fragments;  it  is  enough  to  form  a  continuous  covering  of  the 
gap.  When  suppuration  does  not  occur,  recovery  is  generally  complete. 
Always  leave  in  a  point  a  small  gap  to  drain  with  a  strip  of  iodoform 
gauze. 

Trephining  by  Meana  of  Perforator*  and  of  GigW*  Saw. 

To  begin  with,  holes  of  fair  size  are  bored  with  Doyen's  fraise  at  inter- 
vals of  3  to  4  cm.  all  around  the  part  of  the  skull  that  must  be  removed. 
Then,  with  the  help  of  Podrez'  conductor,  a  Gigli  saw  is  passed  from  one 
hole  through  the  other,  and  the  intermediary  bridge  of  bone  sawed  from 
within  outward.     Podrez'  instrument  (see  Fig.  262)  consists  of  a  thin, 


Fig.  261. 
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flexible  watch-Bprinu,  about  3-4  mm.  wide  and  15  cm.  long,  one  end  of 
which  carrion  a  rinu  which  serves  as  handle,  and  the  other  a  flat,  olive- 
nhupod  knob  to  detach  the  dura  from  the  bone.  The  olive  is  provided 
with  un  eye,  in  which  is  threaded  a  silk  thread,  to  the  other  end  of  which 
In  tlod  u  (jiuli  saw.  The  instrument  thus  armed  is  carried  through  from 
hole  U)  hole  flat  against  the  bone,  between  the  latter  and  the  dura.   This 


Fig.  2t>2. 

IntriMluction  i«  favored  by  gentle,  lateral  movements  of  the  olive,  which 
pusho8  awa>'  very  delicately  the  dura.  In  cases  of  thin  skulls,  the  olive 
MlidoH  8iH>nUmiH>usly,  so  to  speak,  out  of  the  second  hole;  in  other  cases, 
wo  must  intriHluoe  beneath  it  an  elevator  which  lifts  and  brings  it  out. 
The  fiXH^  ouii  of  the  silk  thread  is  first  drawn  out,  then  that  attached  to 
tho  s*iw,  Hy  pulling  on  the  thread  and  drawing  back  on  the  saw,  the 
eye  of  whioh  is  inserttnl  flat  between  the  spring  and  the  skull  the  saw  is 
iH^UiiuotiHl  from  one  hole  to  the  other,  then  adjusted  on  its  handles*  and 
tho  lH>no  Is  s^iWiHl  thnnigh  (see  Fig.  101,  on  page  78).  The  spring 
Horvos  tlrst  to  carry  the  siiw.  then  to  protect  the  dura  against  injury  by 
tho  latter.  This  mothiHl  is  extremely  simple  and  does  not  take  too  modi 
tinu\  but  exerts  u  slight  pressure  on  the  brain,  and  is,  on  that  account, 
rt^jivttHl  by  n^any,  for  instance  by  A'nniA-. 

Trephining  hy  Means  ofDahlgren's  Forecpis. 
This  instrument,  the  cvnistruction  of  which,  as  modified  by  Kramm^  is 

easily  understood  from  Fig: 
263.  is  introduced  through 
a  hole  at  least  S  millimeCRS 
in  diameter,  after  the  darn 
has  been  pushed  avay  a 
little  with  a  bhmt  instra* 
sient.  and  cuts  a  riBig  ia 
the  bo^e  in  either  a  straight 
or  curved  directkcL  So^ 
ojC  to  have  to  nKntzodtaw 
each  time  the  hciMk  tihtraqgih 
le  :z.cisi'jrL  for  a  si 
::r!ep5.    With  a  I 


Jiturx  iiijv. 


the  !\r^:  hole.  i^V^vV'V'/  Ao.Y:>ie<  tc  — li 
by  bir.rxj:  v^rT  a  'i::.e  o.:  :::>  evig:vs  -s-lth 
tivv.  .:  cyw^.\^^:>  e*;>y  to  cut  v;ji^- 
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Kravse  uses  almost  exclusively  this  skull  forceps.  The  dura  in  the 
immediate  vicinity  of  the  bored  hole  is  carefully  pushed  away,  at  first 
with  a  stiff  Braatz  director,  a  little  farther  with  the  elastic  Braatz  direc- 
tor (see  Figs.  264  and  265) ,  so  as  to  avoid  pressure  on  the  brain,  and 
never  for  more  than  a  short  distance  at  a  time.  The  transversal,  sig- 
moidal,  occipital  sinuses  and  the  confluent  may  also  be  pushed  away  in 
the  same  manner  without  any  tearing  of  their  outer  walls,  while  extreme 
care  is  imperative  with  the  longitudinal  sinus.    DafUgren  considers  as 


Fig.  264.— J  natural  size.  Fig.  265.— J  natural  size. 

superfluous  pushing  away  the  dura  and  boring  several  holes  {Krause 
makes  four,  one  in  each  angle,  for  a  rectangular  flap,  more  seldom,  in 
case  of  real  large  flaps,  six),  as  the  hook  pushes  by  itself  the  dura  away, 
without  damaging  it.  According  to  Dahlgren,  the  advantages  of  his  for- 
ceps are  as  follows : 

1.  It  is  of  a  simple  construction  and  cheap. 

2.  It  allows  of  a  complete  sterilization  and  thus  differs  from  electrically 
driven  instruments,  which  present  a  marked  deficiency  in  this  respect, 
as  Krause  justly  remarks. 

3.  It  works  quickly,  without  trepidation. 

4.  It  cuts  through  from  within  outward,  by  one  single  stroke,  the 
whole  thickness  of  the  skull,  without  endangering  the  dura. 

5.  It  can  at  will  cut  along  a  straight  or  a  curved  line,  and  can  also 
take  a  sharp  angle. 

6.  Inequalities  in  the  thickness  of  the  bone  do  not  matter.  A  small 
changing  of  the  position  of  the  screw  prevents  the  hook,  in  case  of  a 
thick  skull,  from  going  too  deep  into  the  cranial  cavity  and  from  thereby 
causing  unnecessary  pressure  on  the  brain. 

7.  Of  great  value  is  its  ability  to  diminish  or  suppress  bleeding  from 
the  bone,  because,  when  divided,  the  different  layers  are  pressed  against 
one  another,  so  that  the  lumen  of  vessels  is  narrowed  or  even  completely 
occluded.  When  using  this  instrument,  I  have  never  been  bothered  by 
a  troublesome  hemorrhage  from  the  surface  of  section  of  the  bone. 

A  recent  model  of  Dahlgren's  forceps  (see  Zentralbl.  f.  Chir.,  1909, 
No.  7)  enables  the  surgeon  to  use  more  strength,  as  may  occasionally 
become  necessary  with  thick  skulls  (see  Fig.  266). 

Doyen  has  devised  a  forceps  working  in  an  analogous  manner.  Among 
the  more  complicated  instruments  for  trephining  which  require  at  the 
same  time  electrical  motive  power  and  an  electrical  motor,  I  shall  men- 
tion Sudek's  fraise,  Doyen^s  circular  saw,  v.  Bergmann's  thick-blade 
circular  saw,  and  BorchanVs  plough  saw.  I  abstain  from  giving  here  a 
more  exact  description  of  those  complicated  instruments. 
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Aampma  in  Operation*  on  the  Skull, 

A  perfect  asepsis  can  be  obtained  in  operations  oii  the  skull  only  by 
thoroughly  rubbing  with  soap  and  shaving  the  whole  skull,  preferably 
on  the  evening  before  the  operation.  How  the  surgeon  will  convince  the 
patient  of  the  necessity  of  this  energetic  measure  will  be  left  to  his  di- 


FiG.  266. 


plomacy  in  many  cases.  Just  before  the  operation,  the  head  is  rubbed 
for  ten  to  fifteen  minutes  with  soap  and  a  sterile  washing  mitten,  and 
next  disinfected  with  alcohol  and  sublimate  (sublamin).  If  the  surgeon 
operates  in  two  sittings,  the  vicinity  of  the  wound,  after  removal  of  the 
dressing  before  the  second  interference,  is  simply  rubbed  for  t:wo  or  three 
minutes  with  gauze  sponges  soaked  in  ether,  alcohol,  and  sublimate.  Ex- 
perience has  taught  that  the  skull  is  thus 
made  perfectly  sterile  without  a  new  use 
of  soap.  Then  a  sterile  towel  is  placed 
around  the  head  so  that  it  excludes  with 
the  eyebrows  the  whole  auricle  and  the 
^^j^^i^s^^B^^^^L  external  occipital  protuberance;  this 
^^      ^  towel  is  closed  on  the  root  of  the  nose 

I  Ji  by  means  of  a  clothespin  clamp  (Fig. 

^^  ■  '^  267),  so  that  the  space  in  which  narcosis 

F[G.  267.—^  natural  size.  must  be  conducted  may  be  easily  opened. 

If  the  patient  is  already  previously  an- 
esthetized, the  towel  may  also  be  pinned  directly  on  different  places 
of  the  scalp  by  means  of  sharp-toothed  clothespin  clamps.  General  anes- 
thesia is  by  no  means  indispensable  in  operations  on  the  skulL  Even 
large  areas  of  the  scalp  can  be  well  circumscribed  by  Hackenbruch'a 
method  with  novocain-suprarenin  solutions  (up  to  0.5  gm.  novocain  and 
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0.00045  gm.  suprarenin),  and  thus  made  insensible.  But  we  must  wait 
twenty  to  thirty  minutes,  therefore  a  rather  long  time,  after  the  injec- 
tion. However,  there  is  no  unanimous  consensus  of  opinion  as  to  anes- 
thesia in  operations  on  the  skull.  Large  Wagner  flaps  cannot  always  be 
cut  satisfactorily  under  local  anesthesia.  General  anesthesia  is  then  bet- 
ter, and  even  by  the  morphin-chloroform  method,  after  careful  prepara- 
tion of  the  patient,  as  has  been  said  in  the  chapter  on  narcosis,  and  with 
the  use  of  the  smallest  possible  quantity  of  chloroform.  Krause  does 
not  share  the  opinion  that  morphin  improves  chloroform  narcosis.  Ether 
anesthesia  is  not  as  suitable  for  operations  on  the  skull,  because  the 
raise  in  the  blood-pressure  still  increases  the  already  so  abundant  bleed- 
ing. While  the  skull  is  being  opened,  the  patient  lies  horizontally, 
the  head  slightly  higher  than  the  rest  of  the  body ;  when  it  comes  to 
opening  the  dura,  the  h^ad  is  very  steeply  elevated.  It  is  very  con- 
venient to  place  the  head  on  a  sand-bag  stuffed  to  a  moderate  con- 
sistency, enclosed  in  an  oil-cloth  pJl!t)w-case,  and  wrapped  in  a  sterile 
towel  folded  double  on  itself.  This  is  by  far  the  best  support  for 
chiselling. 

In  all  skull  operations,  the  strong  bleeding  from  all  the  external  soft 
parts  is  very  annoying;  both  edges  of  the  wound  bleed  equally  on  account 
of  the  very  numerous  collaterals.  The  bloodvessels  bury  themselves  into 
the  tough  scalp,  so  that  they  are  difficult  to  catch  and  still  more  difl[icult  to 
tie.  If  hemostasis  is  attempted  in  this  way,  a  very  long  time  will  be 
wasted,  and  the  goal  will  not  be  reached  altogether.  We  know  that  these 
violent  bleedings  are  amenable  to  simple  suture  of  the  edges  of  the  wound, 
and  therefore  we  are  satisfied  with  temporary  hemostasis  till  the  time 
has  come  for  said  suture.  This  temporary  hemostasis  is  realized  by 
many  by  means  of  a  tube  placed  all  around  the  circumference  of  the 
head  at  the  level  of  the  glabella,  above  the  insertion  of  the  auricle  and 
above  the  external  occipital  protuberance:  Kocher  even  uses  this  tube  to 
fasten  the  sterile  towel.  Hemostasis  is  very  satisfactory,  but  more  than 
once  necrosis  of  the  galea  has  been  observed;  and  this  method  is  certainly 
dangerous  in  the  hands  of  the  unexperienced.  The  best  hemostasis  is 
obtained  by  means  of  Heidenhain^s  backstitch  suture.  The  drawing 
(Fig.  268),  reproduced  after  Heidenhain,  does  not  require  any  further 
explanation.  For  this  suture,  semicircular  needles  of  medium  size  and 
not  too  thick  are  the  best,  and  medium  numbers  of  silk.  The  needle 
must  slide  on  the  bone  as  far  as  possible.  There  is  no  danger  of  necrosis 
of  the  edges  of  the  skin,  even  when  the  threads  are  left  a  week  in  situ. 
After  the  final  deep  and  superficial  sutures  have  well  approximated  the 
skin,  the  hemostatic  threads  may  be  removed  at  once:  the  same  after  the 
second  act  of  a  two-step  operation.  KredeVs  process  for  prophylactic 
hemostasis  by  means  of  curved  metallic  plates  {see  ZentrcUbl.  f.  Chir., 
1906,  page  1134)  is  decidedly  more  complicated.  We  have  still  to  mention 
thst  Hdcker  recommends  to  place  only  an  externs\  Heidenhain  suture,  and 
to  make  it  extend  at  the  basis  of  the  flap  a  little  beyond  the  line  of  in- 
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cision  (thus  in  Fig.  268,  a — c  and  aj — C2).    Hacker  leaves  the  stitches  two 
days  in  place. 

Small  incisions  on  the  skull  are  best  made  in  a  radiating  direction, 
so  as  to  keep  essentially  parallel  with  the  course  of  the  larger  bloodves- 
sels. For  the  exposure  of  larger  parts  of  the  skull,  always  choose  flap 
incisions.  The  base  of  the  flap  naturally  ought  not  to  be  too  nairow.  In 
case  of  a  round  flap,  it  must  be  at  least  as  wide  as  the  radius  of  the 
latter.  According  to  Hacker,  it  is  not  indispensable  that  the  flap  should 
be  pediculated  below  just  at  the  point  of  entrance  of  the  large  blood- 


^~  (Galea  aponeurotica.) 
'g^     Subepicranial  connective  tisBue. 

'*'I)iploc 


Fig.  268. 


vessels,  on  the  contrary  even,  Hacker  avoids  taking  such  large  vessels  in 
the  flap. 

Small  pieces  of  the  cranial  vault,  about  as  large  as  the  largest  trephine 
crown,  may  be  sacrificed  without  regret.  If  a  larger  opening  is  needed, 
Warner's  skin-periosteum-bone  flaps  (osteoplastic  method)  become  the 
best. 

Wagner's  Osteoplastic  Trephining* 

The  execution  of  such  an  operation  for  exposing  the  region  of  the 
central  convolutions  is  illustrated  in  the  four  drawings,  Figs.  269,  270, 
272,  and  276.  It  is  taken  for  granted  in  this  operation  that  the  central 
convolutions  must  be  widely  exposed. 

In  Fig.  269  is  figured  also  Kbhler's  cranioencephalometer,  the  sim- 
plest instrument  for  the  projection  of  the  central  fissure  on  the  outer 
skin.  It  consists  of  a  broad  elastic  longitudinal  band  (sagittal  band), 
which  applies  along  the  sagittal  line  from  the  root  of  the  nose  to  the 
external  occipital  protuberance,  and  owing  to  its  elasticity  holds  firmly  in 
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place  by  itself.  Two  wires,  graduated  in  centimetres  as  the  longitudi- 
nal band  itself  can  slide  on  the  latter.  The  anterior  wire  (anterior  ver- 
tical line)  passes  on  both  sides  on  the  condyle  of  the  lower  jaw,  and 
thence  goes  vertically  upward.  The  second  wire  (posterior  vertical  line) 
is  placed  on  each  side  parallel  with  the  iirst  on  the  posterior  border  of 
the  base  of  the  mastoid  process.  The  intersection  point  of  this  posterior 
vertical  with  the  sagittal  band  indicates  the  upper  end  of  the  central  fis- 
sure.    The  anterior  and  lower  end  of  the  same  and  its  course  are  found 


Fig.  2«9. 


with  the  help  of  a  third  wire  articulated  above  on  the  sagittal  band  with 
the  posterior  vertical  by  a  hinge:  this  wire  is  placed  obliquely  foirward 
so  that  it  crosses  the  anterior  vertical  5.5  cm.  above  the  German  hori- 
zontal (see  page  245).  The  instrument  which  may  be  sterilized  by  boil- 
ing is  applied  at  the  beginning  of  the  operation  and  the  course  of  the 
central  fissure  marked  by  a  few  light  strokes  of  the  knife  or  by  a  scratch 
on  the  skin. 

The  flap  of  soft  parts  must  be  selected  larger  than  the  future  bone- 
flap:  it  does  not  matter  whether  we  give  it  an  angular  or  rounded  shape. 
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After  Heidenhain's  backstitch  suture,  the  incision  is  carried  down  to  the 
bone,  and  near  the  basis  of  the  flap  through  the  temporal  muscle  also. 
Then  the  soft  parts  contract  so  much  that  the  wound  gaps  all  around 
about  half  a  centimetre.  The  periosteum  is  shoved  excentrically,  not 
toward  the  flap,  with  a  raspatory.    While  doing  this,  the  surgeon  keeps 


the  flap  firmly  pressed  against  the  underlying  bone  so  as  to  avoid  detach- 
ment from  the  periosteum;  and  then  as  many  holes  are  bored  in  the  skull 
as  are  necessary  for  the  use  of  Gigli's  saw  (Fig.  270) .  These  holes  are 
plugged  with  gauze  till  the  moment  comes  to  introduce  the  saw;  or  an 
assistant  presses  flrmly  against 
them  a  gauze  sponge,  on  ac- 
count of  the  strong  bleeding 
from  the  diploe.  If  DaJU- 
gren's  instrument  is  used,  one 


Fig.  271. -i  naturals; 


"hole  is  enough.     The  saw  or  the  forceps  complete  the  division  of  the 
■bone  until  the  basis  of  the  flap  is  reached.     If,  now,  beginning^at'rtSb 
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point  of  the  flap,  we  insert  elevators  under  the  latter  and  use  them  as 
levers  on  each  side,  we  can  in  most  cases  break  the  basis  of  the  bone-flap 
evenly  and  without  splinterinsr;  but  we  may  also  prepare  the  line  of  frac- 
ture by  introducing  in  each  of  the  basal  holes  Doyen's  chisel,  which  is 
provided  on  one  side  with  a  blunt  (Fig.  271)  shoulder,  and  cutting 
a  notch  with  a  powerful  blow  of  the  hammer.  Then  the  bone-flap  breaks 
quite  regularly,  and  is  hinged  downward  (Fig.  272).  So  as  to  make  it 
more  movable,  the  periosteum  is  detached  for  a  short  length  along  its 


base;  in  order  to  do  this,  the  lateral  incisions  occasionally  have  to  be 
lengthened  a  little.  The  flap  is  then  wrapped  in  a  sterile  gauze  com- 
press and,  so  as  to  prevent  the  detachment  of  the  periosteum  from  each 
side  of  its  base  and  from  the  centre,  fastened  in  a  Krause  claw  forceps 
(Fig.  273).  The  manner  to  cut  a  flap  with  Dahlgren's  instrument  has 
been  described  above  (page  254).  According  to  Krauze,  to  avoid  dan- 
gerous hemorrhages,  especially  in  the  vicinity  of  the  very  large  emissary 
veins  of  the  longitudinal  sinus,  it  must  be  very  earnestly  urged  to  bore 
many  holes,  at  least  one  in  each  angle  and  to  stop  temporarily  the  bleed- 
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ing  through  these  holes  by  plugging  them  with  gauze.  Make  first  the 
lateral  incisions  and,  last,  unite  them  by  the  transversal  incision,  which 
is  not  allowed  to  get  nearer  than  1  cm.  from  the  sagittal  line.  Krause 
controls  bleeding  from  the  diploS  by  a  few  strokes  of  Passaw's  blunt 
chisel  (Fig.  274) ;  Kocher,  by  compression  by  means  of  sterile  wax,  after 
Horsley^s  method.  Krause's  bone-plugs  (Fig.  275)  are  used  to  check 
bleeding  from  bony  canals  in  the  following  way:  they  are  forcibly  intro- 
duced in  the  latter  and  rotated  on  one  side  and  on  the  other  many  times. 
These  plugs  may  be  also  left  in  place  for  awhile.  Krause  says  that  only 
in  a  few  cases  did  he  have  to  sacrifice  the  bone  on  accoimt  of  threatening 
and  uncontrollable  venous  hemorrhage  during  the  formation  of  a  bone 
flap.  If  this  becomes  necessary,  the  periosteum  must  be  quickly  detached 
and  the  bone  broken  between  the  already  bored  holes  by  means  of  a 


Natural  size. 


Fig.  274.— J  natural  size. 

i  nat.  size. 


Fig.  273.  Fig.  275. 

strong  Luer  rongeur.  Then  the  worst  bleeding  from  the  dura  may  be 
stopped  by  circumferential  suture  or  packing. 

If  operating  in  two  sittings,  the  first  phase  of  the  operation  ends 
with  the  formation  of  the  skin-periosteum-and-bone  flap.  The  flap  is 
hinged  back  in  place  and  sutured  again  exactly  in  the  gap  with  deep  and 
superficial  stitches.  Kocher  makes  a  continuous  suture  with  strong  silk. 
After  four  or  five  days,  or  even  one  or  two  weeks,  the  wound  may  be 
reopened,  once  the  stitches  have  been  removed,  simply  with  a  blunt 
instrument,  for  instance  Kocher' s  spatula.  So  as  to  be  able  to  recognize 
after  the  interval  the  walls  of  sinuses  exposed  during  the  first  act  (for 
instance  the  transversal  or  sigmoidal  sinuses)  and  to  guard  against 
injury  to  those,  Kraiise  marks  the  limits  of  such  walls  by  a  series  of 
separate  silk  stitches  perforating  the  dura. 

To  open  the  dura,  the  latter  is  either  carefully  lifted  with  a  surgical 
dissection  forceps  in  a  transverse  fold  and  incised  in  a  point  about  0.5 
cm.  distant  from  the  bony  edge  (Fig.  276).  or  if,  in  case  of  high  tension, 
this  is  not  possible,  carefully  divided  for  about  1  cm.  with  a  small  pointed 
knife,  layer  after  layer,  down  to  the  arachnoid.  Then  the  incision  is 
lengthened  with  a  pair  of  small  knob-end  scissors.  At  least  one  of  the 
sides  of  the  rectangular  flap  is  left  untouched.  It  is  by  no  means  required 
that  the  flap  should  have  its  pedicle  on  its  lower  side;  on  the  contrary, 
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especially  when  we  fi:et  close  to  the  longitudinal  sinus,  it  is  advantageous 
to  make  the  pedicle  above,  and  to  keep  as  much  as  possible  at  a  distance 
of  1.5  cm.  from  the  walls  of  the  sinus  on  account  of  the  lateral  diverticula 
of  the  latter.  The  larger  meningeal  arteries  are  encircled  in  two  places 
by  ligatures  carried  on  a  needle,  and  divided. 

To  ligate  or  resect  transversely  a  sinus,  we  make  in  the  dura  on  each 


Fig.  276. 

side  of  the  latter  and  at  a  certain  distance,  an  incision  parallel  with,  or 
perpendicular  to,  the  sinus  wall.  To  this  effect,  it  occasionally  becomes 
necessary  to  lift  up  the  sinus  from  its  bed  by  means  of  a  blunt  elevator, 
and  to  sacrifice  a  fragment  of  bone.  Next,  we  push  away  carefully  the 
brain  substance  from  the  sinus  and  pass  around  the  latter,  from  each 
side,  a  round  needle  carrying  a  catgut,  during  which  step  we  have  to  go 
through  the  falx  cerebri  if  dealing  with  the  sagittal  sinus,  the  tentorium 
cerebelli  if  with  the  transverse  sinus,  and  the  falx  cerebelli  in  case  of  the 
occipital  sinus.     The  places  of  ligation  must  be  at  least  1  cm.  apart,  so 
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that  we  may  tie  securely  the  threads  and  cut  the  sinus  across  between 
the  ligatures. 

We  suture  the  dura  with  fine  catgut  or  silk.  So  that  the  threads 
should  not  tear  when  tied,  the  edges  of  the  dura  at  that  moment  are 
approximated  with  a  fine  thumb  forceps.  As  a  rule,  we  pack  with  iodo- 
form gauze  wicks  (woven  edges).    Krause  uses  sterile  or  vioform  gauze. 

Lateral  slits  in  a  sinus  have  been  closed  by  a  continuous  or  interrupted 
silk  suture  executed  with  very  fine  needles;  occasionally  also  they  have 
been  occluded  with  clamps  left  in  situ  for  five  or  six  days. 

If  the  dura  itself  is  the  seat  of  a  tumor,  then  it  is  naturally  incised  in 
healthy  tissue,  and  the  tumor  is  lifted  away  from  the  brain  bluntly  with 
the  forefinger  or  a  copper  spatula. 

Are  parts  of  the  surface  of  the  brain  to  be  removed,  as  is  necessary 
for  instance  in  Jacksonian  epilepsy,  then  all  vessels  going  to,  or  coming 
from,  the  brain  cortex  are  mediately  ligated  with  fine  silk  carried 
around  them  with  round  semicircular  needles.  The  threads  belonging  to 
the  segment  of  the  vessel  that  is  going  to  fall  are  left  long  and  aid  in 
the  lifting  of  the  part  of  brain  to  be  removed.  To  ascertain  the  location 
of  the  convulsive  centre,  Krause  uses  a  small  induction  apparatus,  one 
electrode  of  which  is  broad  and  is  applied  on  the  chest  of  the  patient, 
while  the  other  is  a  small  sterilized  olive-shaped  platinum  electrode  and 
serves  for  the  excitation  of  the  brain. 

General  rules  cannot  be  laid  as  to  the  direction  in  which  incisions 
must  be  made  in  the  brain. 

Decompressive  Trephining. 

It  is  used  to  relieve  pressure.  It  generally  puts  an  end  to  the  intol- 
erable headache,  to  the  vomiting,  and  occasionally  to  the  drowsiness,  and 
wards  off  the  danger  of  blindness.  For  this  purpose,  Horsley  removes 
large  pieces  of  the  cranial  vault.  Kocher  and  Krause  establish  a  valve 
by  rongeuring  away  from  the  edges  of  the  skull  opening  a  strip  of  bone 
together  with  its  periosteum  and  at  least  1  to  1.5  cm.  wide,  and  then 
hinge  back  the  flap  into  place  without  suturing  the  opening  in  the  dura. 
The  resulting  large  prolapse  of  the  brain  causes  oftentimes  the  skin 
stitches  to  burst,  even  after  cicatrization,  and  the  brain  bulges  outside. 
Krause  strives  to  prevent  this  by  incising  the  dura  in  the  manner  repre- 
sented on  Fig.  277.  The  rectangular  dural  flap  (a)  is  at  first  made  con- 
siderably smaller  than  the  skull  opening,  and  has  its  pedicle  on  the  side 
opposite  that  of  the  skin-and-periosteum  flap.  Next,  the  dura  is  split 
with  blunt-ended  scissors,  beginning  in  each  angle  of  the  dural  gap  and 
extending  to  each  corresponding  angle  of  the  bone  defect.  The  three 
resulting  small  trapezoid  dura  flaps  (6,  c,  d)  evert  on  the  edges  of  the 
bony  gap,  and  the  large  flap  a  protects  the  scar  in  its  most  exposed  point 
against  bursting,  or  when  the  scar  bursts  despite  all,  prevents  the  issue 
of  the  brain  substance.  For  the  same  reasons,  Cushing  makes  the  decom- 
pressive operation  beneath  the  temporal  muscle.  He  cuts  a  skin  flap 
corresponding  to  the  insertion  of  this  muscle,  but  somewhat  smaller,  and 
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mate 


Eklfire  of  bone  still  to 
be  rmnoved. 


hinges  it  downward,  divides  the  temporal  fascia  and  muscle  parallel 
with  the  fibres  of  the  latter,  draws  the  edges  strongly  forward  and  back- 
ward respectively,  pushes  the  periosteum  back,  removes  with  a  rongeur 
as  large  as  possible  a  piece  of  the  squamous  portion  of  the  temporal  bone 
situated  under  the  muscle,  incises  the  dura  along  the  edge  of  the  bony 
defect,  ligates  the  branches  of  the  middle  meningeal  artery,  and  sutures 
fascia,  muscle,  and  skin, 
each  separately.  Kravse  re- 
ports that  this  method  may 
fail,  because  the  bulging  of 
the  brain  may  render  impos- 
sible the  reunion  of  muscle 
and  fascia.  Decompressive 
operations  on  the  cerebel- 
lum, where  we  can  cover 
the  cranial  defect  with  thick 
masses  of  skin  and  muscle, 
are  far  from  always  giving 
sufficient  relief  from  pres- 
sure. When  absolutely  in 
the  dark  as  to  the  location 
of  a  brain  lesion  accom- 
panied by  pressure  symp- 
toms, the  most  favorable 
sites  to  make  the  decom 
pressive  opening  are  ove 
the  right  frontal  lobe  or  the 
parietal  lobe  behind  the  pos 
terior  central  convolution. 

The  dressing,  after  all  skull  operations  with  opening  of  the  dura,  must 
contain  a  liberal  supply  of  absorbent  material  and  be  changed,  exclu- 
sive of  the  deepest  layers,  quite  often  on  account  of  its  being  soaked  by 
cerebro-spinal  fluid.  After  the  operation,  the  patient  is  placed  in  an 
absolutely  flat  horizontal  position.  Clamps  left  in  situ  and  the  packing 
are  removed,  or  at  least  an  attempt  is  made  to  remove  them,  after  five  or 
six  days. 

Trephining  in  Ca9e  of  Bleeding  from  the  Middle  Meningeal 
Artery. 

Determination  of  the  location  of  both  branches  after  Kronlein^s  rules. 
Trephining  by  means  of  a  trephine  or  Doyen^s  fraise  and  rongeur  (see 
page  250,  and  following). 

Trephining  for  Brain  Abscesses. 

As  most  brain  abscesses  originate  from  one  of  the  numerous  bone 
cavities,  frontal  sinuses,  mastoid  process,  Macewen  has  advised  to  open 
a  way  through  those  cavities  to  reach  those  abscesses  (see  trephining  of 
the  frontal  sinus,  of  the  middle  ear,  and  of  the  mastoid  antrum). 


Cutaneous  and  perloa- 
teal  flap. 


Fig.  277. 
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Trephining  to  Expose  the  Cerebellum. 

The  position  of  the  patient  creates  great  difficulties  in  this  operation. 
Bail  has  devised  for  this  special  purpose  arm-holders  similar  to  the 
knee-holders  used  to  put  patients  in  the  lithotomy  position,  which  can 
easily  be  adjusted  on  any  operation  table  and  project  over  the  head  end 
of  the  table.  The  head  is  supported  by  the  forehead  by  means  of  a 
specially  constructed  steel  appliance.  The  face  and  upper  part  of  the  body 
remain  absolutely  free,  and  therefore  are  quite  accessible  to  the  anesthe- 
tist; and  the  respiration,  which  is  considerably  hindered  in  the  other 
alternative,  i.e.,  the  semiabdominal  position,  is  not  influenced  at  all. 
This  table  has  been  found  very  practical  by  F.  Krause.  In  his  *  *  Brain  Sur- 
gery," Krause  does  not  even  mention  this  table.  Has  it  not  proved  of 
practical  value  in  the  long  run?  We  place  as  a  rule  our  patients  in  the 
semiabdominal  position,  head  strongly  bent  forward.  The  head  of  the 
table  is  elevated  at  about  45°.  Other  difficulties  are  engendered  in  this 
operation  by  the  rich  vascularization  of  the  tissues  in  this  region,  soft 
parts  as  well  as  bone.  These  may  be  partially  overcome  with  the  aid  of 
Heidenhain's  backstitch  suture,  and  partially  also  of  course  by  ligation 
of  the  bloodvessels,  most  of  them  arising  from  the  occipital  artery.  Bail 
has  devised  an  hemostatic  clamp,  also  tested  by  Krause,  and  which 
carries  two  blades ;  one  is  inserted  beneath  the  scalp  close  to  the  bone, 
while  the  other,  connected  with  the  former  by  a  screw  and  a  guiding 
rod,  compresses  the  scalp  firmly  and  uniformly  by  means  of  the  screw, 
and  thus  prevents  all  bleeding.  The  support  may  serve  also  in  opera- 
tions on  the  spinal  cord,  and  the  compressor  for  the  temporary  hemo- 
stasis  of  flaps. 

The  most  suitable  flaps  for  the  exposure  of  the  cerebellum  are  those 
having  their  base  toward  the  nape  of  the  neck.  The  skin  and  bone 
incision  must  be  so  disposed  that  we  can  freely  inspect  the  whole  pos- 
terior surface  of  the  cerebellum,  consequently  it  must  reach  upward 
above  the  transverse  sinus  and  extend  laterally  to  the  sigmoid  sinus. 
The  flap  is  considerably  broader  above  than  below.  The  incision  is  traced 
horizontally  a  finger's  breadth  above  the  external  occipital  protuberance 
and  the  superior  line  of  the  nape,  from  the  posterior  base  of  one  mastoid 
process  to  that  of  the  other;  it  divides  the  skin  and  periosteum,  then 
curves  somewhat  obliquely  downward  and  inward  along  the  border  of  the 
mastoid  process,  dividing  here  also  all  soft  parts  down  to  the  bone:  a 
similar  incision  will  eventually  be  added  on  the  other  side.  Then,  with 
raspatory  and  knife,  the  operator  detaches  the  muscular  insertions  and 
the  periosteum  from  the  bone,  whereby  generally  numerous  anastomotic 
twigs  between  the  vertebral  vein  and  the  sinus  begin  to  bleed.  The 
farther  one  goes  toward  the  foramen  magnum,  the  better  it  will  be  for 
the  ulterior  inspection.  Holes  are  made  with  Doyen's  f raise  on  the  occipi- 
tal surface  and  enlarged  to  the  desired  size  with  a  rongeur.  The  dura  is 
carefully  detached  from  the  bone  by  means  of  a  strong  watchspring  carry- 
ing a  flat  olivary  tip  (Fig.  262,  on  page  254),  or  of  a  curved  elevator; 
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this,  if  cautiously  performed,  succeeds  easily  even  in  the  region  of  the 
Binus.  Must  both  cerebellar  hemispheres  be  exp<Ked,  then  the  flap 
incision  is  completed  as  said  above.  The  dura  is  split  horizontally  below 
the  transverse  sinus,  on  a  grooved  director  slipped  beneath  it,  and  next 
divided  downward  a  little  more  than  0.5  cm.  away  from  the  edges  of  the 
bony  gap  so  that  the  flap  still  holds  by  the  falx  cerebelli.  To  ligate  the 
occipital  sinus  when  said  falx  is  divided,  the  dura  is  also  incised  horizon- 
tally on  the  other  hemisphere,  carefully  lifted  away  from  the  cerebellum, 
and  clamped  1  cm.  below  the  confluent  of  the  sinuses  with  two  narrow- 
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blade  artery  clamps  between  which  the  falx  is  incised;  then  a  strong 
thread  is  carried  with  a  needle  around  both  ends  of  the  sinus  and  the  lat- 
ter is  ligated.  Now  the  threads  left  long  are  used  to  draw  the  falx 
upward  and  downward  (Fig.  279).  The  section  of  the  dura  on  the  not 
yet  quite  exposed  lateral  part  of  the  cerebellum  is  then  completed.  We 
can  now  well  inspect  the  cerebellum;  we  may  also  lift  it  carefully  off  its 
bed  with  a  flat  spatula  so  as  to  render  accessible  to  the  eyes  and  flngera 
the  posterior  surface  of  the  petrous  bone  together  with  the  there  situated 
structures,  particularly  the  acoustic  nerve  and  the  ponto-cerebellar  angle. 
The  cerebellum  is  very  soft,  and  must  be  handled  with  the  utmost  gentle- 
ness. Particularly  in  the  vicinity  of  the  medulla  oblongata  we  must  beware 
of  any  narrowing  of  the  space  by  instruments  or  fingers.  The  pulse  and 
breathing  must  be  especially  watched  during  this  stage  of  the  operation. 
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If  the  surgeon  adopts  the  osteoplastic  method  (see  Figs.  278  and  279) 
which,  whenever  possible,  ought  to  be  preferred  as  being  the  ideal 
method,  he  outlines  the  flap  as  said  above;  and,  after  shoving  away  the 
periosteum,  bores  holes  in  the  angles  of  the  wound  and,  with  Dahlgren'a 
instrument,  cuts  a  groove  as  far  downward  as  possible  and  a  little 
obliquely  in  the  direction  of  the  occipital  foramen.     In  the  same  way  he 
cuts  from  the  lateral  incisions  toward  the  median  line,  which  it  is  not 
however  necessary  to  quite  reach.     The  already  mentioned  watch-spring 
(see  Figs.  262  and  265,  on  page  250,  and  following)  is  very  handy  for 
detaching  the  dura.     The  last 
remaining  bridges  of  bone  are 
easily  broken  with  a  blow  of 
the  chisel.     Similarly,    place 
on  each  side  of  the  lower  end 
of  the  bone  incision  a  Doyen 
chisel  (see  Fig.  271,  on  page 
260)  in  the  direction  of  the 
foramen  magnum,  and  strike 
a  short  and  powerful  blow. 
Then  the  flap,  by  means  of  an 
elevator,  can  be  easily  broken 
through  to  the  posterior  cir- 
cumference of   the   foramen 
magnum.      I  have  rehearsed 
that  operation  very  frequently 
on  the  cadaver,  and   always 
have  reached  the  lateral  part 
of  the  circumference  of  the  oc- 
cipital foramen.    G.  R.  Krauae 
has  also  stated  to  me  that  he 
almost    always    reaches    the 
same  when  breaking  the  flap 
in  living    subjects,    and    has 
never  experienced  any  incon- 
venience or  any  compression 
of  the  medulla  oblongata. 
Trephining  for  the  Expoaure  of  the  Gauerian  Ganglion, 
Two  ways  lead  to  this  ganglion  resting  on  the  base  of  the  skull,  that 
of  Krause  through  the  temporal  region  and  that  of  Lexer  through  the 
base  of  the  skull  after  temporary  resection  of  the  zygomatic  arch.     I 
shall  not  mention  here  the  pro  and  con  arguments  frequently  repeated 
about  each  method.     Krause  operates  either  with  an  osteoplastic  flap, 
the  formation  of  which  need  not  be  expounded  further  after  what  has 
been  said  above,  or,  just  as  Lexer,  sacrifices  a  part  of  the  skull. 

I  shall  describe,  first,  Krause's  method,  and  for  this  follow  his  own 
description  in  his  Textbook  of  practical  surgery. 


Fig.  279. 
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Krause  recommends  to  always  have  at  hand  during  the  operation  a 
sawed  skull,  so  as  to  be  able  to  refer  to  it  for  orientation  at  any  time 
during  the  operation :  an  advice  which  holds  good  for  all  operations  on 
the  skull  and  face. 

For  several  days  before  operation,  the  patient  takes  a  mild  cathartic. 
General  anesthesia  with  morphin  and  chloroform  administered  by  the 
drop  method.  The  patient  is  placed  in  the  semisitting  position.  Disin- 
fection as  in  all  operations  on' the  skull.  An  assistant  holds  the  head 
either  looking  straight  forward  or  slightly  inclined  toward  the  diseased 
side,  so  as  to  insure  a  free  escape  for  the  blood  and,  eventually,  the  cere- 
bro-spinal  fluid.  Another  assistant  must  be  ready  to  take  charge  of  the 
brain  spatula  and  other  instruments.  Mechanical  cleaning  of  the  ex- 
ternal auditory  canal  and  plugging  of  the  latter  with  gauze. 

First  Step.     Cutting  of  the  Flap. 

Pear-shaped  flap  having  its  pedicle  on  the  zygomatic  arch ;  the  in- 
cision beginning  directly  on  the  tragus^  curving  convex  backward,  and 
returning  convex  forward  to  the  zygoma.  The  base  is  3  cm.  wide, 
the  length  of  the  flap  is  about  6  cm. ,  and  its  width  5  cm.  Next,  we 
either  cut  a  Wagner  flap,  or  bore  a  hole  in  the  skull  with  Doyenne  fraise 
and  bite  away  the  bone  with  a  rongeur.  This  last  process  must  be 
decidedly  preferred  in  older  and  weakened  individuals,  because  so  very 
much  quicker  of  execution.  If  the  first  technique  is  selected,  use  Dahl- 
gr€n*8  skull  forceps.  When  the  bone  is  sacrificed,  keep  the  connections 
of  the  periosteum  with  the  temporal  muscle,  and  check  carefully  all 
bleeding  before  attacking  the  bone.  The  bone  must  always  be  removed 
down  to  a  point  slightly  above  the  place  where  it  reflects  inward  at  a 
right  angle  to  form  the  base  of  the  skull.  We  must  not  be  here  so  spar- 
ing of  the  bone,  otherwise  the  view  would  be  poor  and  the  ganglion  lies 
still  very  far  in  the  depth,  much  farther  than  we  expect 

Second  Step.     Ligation  of  the  Middle  Meningeal  Artery. 

Dig  deeply  between  the  base  of  the  skull  and  the  dura  in  the  middle 
fossa  of  the  skull  with  the  finger,  a  blunt  raspatory,  or  small  gauze 
compresses,  a  sufficient  number  of  which  must  always  be  at  hand  mounted 
on  small  clamps  and  which  are  convenient  to  wipe  off  the  blood.  Thus 
we  reach  the  posterior  part  of  the  fossa  and  the  middle  meningeal  artery 
emerging  from  the  foramen  spinosum:  said  artery  is  doubly  ligated  and. 
severed.  To  this  effect  the  brain  enclosed  in  the  dura  is  carefully  lifted 
up  and  held  high  enough  to  insure  a  good  view  without  producing  any 
brain  pressure  symptoms.  This  lifting  is  effected  by  means  of  a  spatula 
about  3  cm.  wide,  curved  at  a  right  angle  and  striated  on  5  cm.  of  its 
anterior  part,  which  rests  on  the  dura  (Figs.  280  and  281).  The  anesthe- 
tist must  carefully  watch  the  pulse,  and  announce  forthwith  if  the  latter 
slackens.  The  dura  must  be  pushed  as  far  toward  the  median  line  as  is 
necessary  to  enable  to  isolate  well  the  middle  meningeal  artery  at  its  point 
of  entrance  in  the  dura,  and  the  two  accompanying  veins;  and  to  pass 
by  means  of  a  flexible  ear  probe  two  strong  silk  threads  around  the 
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artery  and  to  tie  the  same  close  to  the  dura  and  to  the  base  of  the  skull 
(it  is  best  to  tie  with  two  anatomical  forceps) .  Next  division  of  the 
bunch  of  bloodvessels.  In  case  the  ligature  slips,  plug  the  foramen 
spinosum  with  iodoform  gauze  and  with  the  pointed  hooks  bent  at  right 
angles  devised  by  Krause  for  this  special  purpose  (Fig.  275,  on  page  262). 
(Kravse  recommends  also  his  method  for  typical  ligation  of  the  middle 
meningeal  artery  in  case  of  hemorrhage. ) 

Third  Step.    Exposure  and  Removal  of  the  Ganglion. 
The  always  copious  bleeding  from  the  torn  veins  of  the  dura  and  from 
a  few  emissaries  of  Santorini  is  reduced  to  a  minimum,  according  to 

Krause,  if  the  surgeon  first 
detaches  quickly  the  dura 
from  the  bone  down  to  the 
foramen  spinosum  and  then 
only  introduces  the  spatula. 
When  from  time  to  time  the 
operation  is  interrupted  for 
a  few  minutes,  pack  loosely 
a  little  gauze  between  this 
spatula  and  the  base  of  the 
skull,  press  it  firmly  with 
the  spatula  against  the 
bone,  and  the  bleeding  will 
always  stop  quickly.  The 
third  branch  of  the  trige- 
minus, placed  a  little  for- 
ward and  medially  of  the  foramen  spinosum  and  coming  almost  exactly 
toward  the  operator  to  reach  the  oval  foramen,  is  the  first  to  be  freed 
when  the  dura  is  pushed  away  with  an  elevator  or  gauze  compress:  then' 
comes  the  second  branch,  placed  still  farther  forward  and  internally, 
running  almost  directly  forward  to  the  foramen  rotundum.  The  lower 
surface  of  both  trunks  is  then  detached  from  the  skull  by  means  of  an 
elevator.  The  brain  spatula  serves  only  to  lift  up  the  brain  and  not 
to  shove  it  toward  the  middle  line.  Next  follows  the  dissection  of  the 
ganglion  itself,  which  can  be  almost  wholly  effected  by  simply  pushing 
the  dura  away  with  gauze  sponges,  and  requires  only  seldom  the  division 
with  scissors  of  a  few  tougher  fibrous  strips.  The  detachment  of  the 
dura  is  continued  till  the  upper  ridge  of  the  petrous  bone  and  the 
trigeminus  nerve  above  and  behind  become  visible.  The  ganglion  is 
gray-reddish  in  color,  the  trunk  of  the  trigeminus  almost  pure  white  and 
striped  longitudinally.  As  a  last  step,  the  ganglion  is  lifted  away  from 
its  bed  with  a  blunt  instrument  The  first  branch  of  the  trigeminus  is 
always  denuded  only  where  it  is  intimately  connected  with  the  gan- 
glion, and  not  farther,  on  account  of  the  proximity  of  the  cavernous 
sinus,  and  also  of  the  abducens  and  pathetic  nerves.  If,  now,  directly 
on  the  base  of  the  skull,  we  place  a  narrow  artery  forceps  on  the  third 
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"branch  of  the  trigeminus,  by  pulling  on  this  clamp,  we  can  draw  the 
ganglion  a  little  forward.  The  trunk  of  the  trigeminus  is  then  grasped 
close  to  the  upper  ridge  of  the  petrous  bone  in  the  longitudinally  fluted 
blades  of  a  nerve  forceps  (Fig.  282),  during  which  step  care  must  be 
taken  not  to  pinch  with  the  tip  of  the  forceps  anything  but  the  nerve; 
consequently,  it  is  necessary  to  see  the  whole  of  the  latter.  Now  only 
the  second  and  third  branches  of  the  trigeminus  are  severed  close  to  the 
skull  by  means  of  a  pointed  tenotome  or  of  small  Cooper  scissors,  and 
slow  twisting  of  the  nerve  for- 
ceps around  its  axis  tears  away 
the  ganglion  with  a  fragment  of 
the  trunk  of  the  trigeminus, 
while  the  first  branch  generally 
breaks  close  to  the  ganglion. 
The  nerve  stumps  of  the  second 
and  third  branches  are  still  firmly  Fig.  282. 

pressed  into  their  canals  with 

the  help  of  an  elevator.  When  the  spatula  is  removed,  the  dura  and 
brain  reapply  immediately  on  the  bone  and  stop  the  bleeding.  When  the 
latter  remains  abundant,  but  only  then,  an  iodoform  gauze  packing  is 
left  in  place  for  four  or  five  days.  The  wound  is  completely  sutured, 
except  the  place  for  the  gauze. 

I  have  omitted  the  minor  peculiarities  and  incidents  that  may  occur 
during  the  operation.  Whoever  trains  for  this  operation  will  know  how 
to  cope  with  such  contingencies.  Our  advice  to  all  is  to  perform  the 
operation  first  several  times  on  the  cadaver  before  undertaking  it  in  the 
living.    Whenever  possible,  the  operation  is  completed  in  one  sitting. 

Firmly  applied  dressing,  requiring  frequent  changes  in  case  of  abun- 
dant outflow  of  cerebro-spinal  fluid.  As  the  cornea  has  lost  its  sensibil- 
ity it  must  be  protected,  and  this  is  best  effected  by  means  of  a  watch- 
glass,  as  first  recommended  by  Keen.  A  hole  about  half  as  large  as  the 
glass  is  cut  in  a  large  square  piece  of  zinc  oxid  plaster  which  serves  to 
stick  the  glass  all  around  the  orbit.  Thus  we  realize  a  moist  closed  space 
which  affords  the  best  possible  protection  for  the  cornea.  The  watch- 
glass  is  removed  every  twenty-four  hours,  the  eye  then  flushed  with 
warm  boric  acid  solution,  but  never  rubbed.  If  there  occur  any  small 
losses  of  substance  in  the  epithelium,  atropin  is  instilled.  The  glass  is 
kept  as  long  as  any  tendency  to  irritation  and  inflammation  of  the  eye 
persists.    Recovery  is  complete  in  two  or  three  weeks. 

Lexer's  Technique. 

Lexer^s  technique  aims  above  all  things  at  avoiding  the  danger  of 
brain  pressure.  Flap  incision,  the  base  of  the  flap  being  exactly  on  a 
line  uniting  the  insertion  of  the  auricle  with  the  outermost  end  of  the 
eyebrow,  so  as  to  avoid  injury  to  the  branch  of  the  facial  nerve  going 
to  the  eyelid:  the  incision  begins  laterally  a  finger's  breadth  in  front  of 
the  ear,  and  ends  in  the  upper  zygomatic  angle  behind  the  frontal 
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process.  The  flap  has  a  somewhat  long  shape,  but  does  not  extend 
upward  beyond  a  line  drawn  from  the  upper  limit  of  the  auricle  to  the 
upper  orbital  ridge.  The  temporal  artery  must  be,  in  most  cases,  doubly 
ligated  and  severed.  The  incision  goes  at  once  through  the  skin  and  perios- 
teum, and  reaches  the  bone.  Laterally,  the  periosteum  of  the  zygomatic 
arch  is  incised  in  the  direction  of  the  skin  incision  and  shoved  a  little 
backward.  With  the  help  of  Deschamp's  hook,  a  Gigli  saw  is  passed 
behind  the  zygoma,  and  the  latter  sawed  obliquely  forward  and  outward, 
close  in  front  of  the  articular  condyle  of  the  lower  jaw,  so  that  the  line 
of  sawing  is  not  perpendicular  to  the  axis  of  the  bone,  but  cuts  a  bevel  at 
the  expense  of  the  superficial  part  of  the  zygoma.  The  other  end 
(medial)  of  the  arch  is  cut  with  a  chisel  obliquely  downward  and  for- 
ward, and  also  so  that  a  bevel  is  formed  similar  to  that  of  the  other  end, 
and  that  the  deep  part  of  the  bone  is  divided  very  near  the  body  of  the 
malar  bone.  This  oblique  division  increases  considerably  the  accessibil- 
ity, especially  when  the  zygomatic  process  of  the  temporal  bone  is  also 
cut  exactly  at  its  basis  (Fig.  293,  on  page  284).  Now  the  whole  flap, 
together  with  the  periosteum,  is  detached  by  means  of  a  raspatory  from 
the  underlying  bone,  sphenoidal  wing,  and  squamous  portion  of  the 
temporal,  which  is  easy  to  do  up  to  the  inferior  temporal  ridge;  here, 
however,  we  often  have  to  take  a  knife  to  cut  the  external  pterygoid 
muscle ;  we  stop  only  when  the  base  of  the  skull  has  been  well  exposed 
and  we  feel  the  outer  surface  of  the  pterygoid  plate,  eventually  even  the 
third  branch  of  the  trigeminus  nerve.  A  broad  and  blunt  retractor 
pressing  against  the  soft  parts  a  gauze  tampon  to  stop  bleeding  from  the 
pterygoid  plexus,  draws  strongly  the  whole  skin-muscle-periosteum- 
zygoma  flap  downward  and  a  little  forward.  The  thin  bone  above  the 
temporal  ridge  is  trephined  with  Doyen's  fraise,  and  the  bone  nipped 
with  Luer's  rongeur  on  the  whole  surface  then  denuded.  On  account 
of  the  thickness  of  the  soft  parts  protecting  here  the  base  of  the  skull, 
and  of  the  firmness  of  the  resulting  scar,  the  destruction  of  the  bone  has 
no  inconvenience.  The  dura  is  cautiously  pushed  away  with  the  finger 
in  the  direction  of  the  foramen  spinosum,  as  indicated  by  the  middle 
meningeal  artery.  After  the  foramen  has  been  completely  exposed,  the 
artery,  together  with  its  veins,  is  lifted  from  its  bed,  two  ligatures  are 
carried  around  it  with  a  ligature  carrier;  the  vessel  is  doubly  ligated  and 
severed.  The  dura  is  detached  from  the  bone  till  the  foramen  ovale  and 
the  third  trigeminal  branch  are  reached;  then  it  is  lifted  away  by 
means  of  a  spatula  especially  devised  by  Lexer  for  this  purpose  and  fit- 
ting exactly  the  shape  of  the  head.  Now  the  base  of  the  skull  is 
rongeured  away  down  to  the  foramen  ovale,  so  that  the  whole  of  the 
third  trigeminal  branch  is  exposed.  If  we  make  a  loop  with  the  latter, 
or  take  it  between  the  blades  of  a  nerve  forceps,  we  secure  a  good  hold 
to  pull  on  the  ganglion,  the  further  treatment  of  which  does  not  differ 
from  Kranse's  method.  Loose  packing  with  iodoform  gauze,  the  strip 
coming  out  through  the  posterior  and  lower  angle  of  the  wound.    When 
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the  flap  is  hinged  again  in  place,  the  zygoma  sets  itself  at  once  in  the 
right  position.  Complete  suture  of  the  skin.  The  eye  is  protected,  as 
said  before. 

Trephining  for  the  ExpoMure  of  the  Hypophysis. 

Fr.  Koenig  {Berl.  klin.  Wochenschr.,  1900,  p.  1040)  has  chosen  the 
mouth  as  a  way  of  access  to  the  hypophysis  aiter  removal  of  part  of 
the  bony  palate  and  of  the  vomer,  but  has  tried  his  method  only  on  the 
cadaver.  Krause  {Deutsche  Klinik  am  Eingange  des  XX  Jahrhunderts, 
Bd.  Vni,  p.  1004)  prefers  the  frontal  route.  Schloffer  has  experimented 
with  different  methods  on  the  cadaver,  and  once  partially  removed  a  tumor 
of  the  hypophysis  by  detaching  the  nose,  displacing  it  laterally,  and  excis- 
ing the  internal  wall  of  one  of  the  orbits  and  of  Highmore^s  antrum  with- 
out removing  the  bulb  (see  Wiener  klin.  Wochenschr. ,  1907,  No.  43,  and 
Chirurgen-Kongresz,  1907) .  Hochenegg  has  successfully  followed  a  simi- 
lar route  (see  Chirurgen-Kongresz,  1908,  Zentralb.f.  Chir.,  Bericht,  p. 
72,  and  following) ,  and  so  has  Borchardt  Access  from  the  pharynx  and 
the  nasal  cavity  will  always  have  the  drawback  of  defective  asepsis.  I 
shall  limit  myself  to  this  brief  reference. 

Trephining  of  the  Mastoid  Process 

We  shall  use  here  Alexander's  article  in  the  text-book  of  special  sur- 
gery of  Hochenegg,  1906,  Bd.  I,  Vienna,  Urban  and  Schwarzenberg. 

We  establish  a  distinction  between  the  simple  opening  of  the  mas- 
toid process  (Schwartze)  and  the  radical  operation  (Reunion  of  the 
external  auditory  canal,  of  the  middle  ear,  of  its  upper  recess,  of  the  an- 
trum, and  of  the  mastoid  cells  into  one  single  cavity). 

Simple  Opening  and  Cleaning  of  the  Mastoid  Process. 

Curved  incision  from  the  upper  insertion  of  the  auricle  down  to  1  cm. 
above  the  tip  of  the  mastoid  process,  and  about  i  cm.  distant  from  the 
posterior  line  of  insertion  of  the  pinna,  and  reaching  at  once  the  bone. 
The  periosteum  is  pushed  forward  until  the  auditory  canal  is  reached, 
backward  to  the  posterior  border  of  the  mastoid  process,  downward  to 
the  tip  of  the  same,  upward  to  above  the  inferior  temporal  ridge,  so  that 
we  see  the  whole  lateral  surface  of  the  process.  So  as  not  to  open 
unnecessarily  the  sigmoid  sinus  and  the  cranial  cavity,  we  keep  at  the 
beginning  of  the  opening  of  the  bone  within  a  triangle,  the  three  points 
of  which  are  represented  by  the  spina  supra  meatum,  the  supramastoid 
tubercle,  and  the  tip  of  the  mastoid  process  itself  (see  Fig.  283).  To 
this  effect,  the  ear  must  be  drawn  forward,  and  the  posterior  edge  of 
the  wound  backward  with  strong  and  pointed  hooks.  The  superficial 
part  of  the  bone  is  first  peeled  off  by  means  of  a  flat  chisel ;  and  next 
each  discovered  opening  of  a  mastoid  cell  is  followed  with  small  con- 
cave chisels  or  small  rongeurs,  until  the  region  between  the  lower  tem- 
poral ridge  and  the  tip  of  the  mastoid  process  has  become  a  shallow, 
funnel-like  depression,  the  tip  of  which  (region  of  the  tympanic  cavity)  is 
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directed  forward  and  upward  (see  Fig.  284).  If  we  remove  cautiously 
the  bone,  layer  after  layer,  farther  toward  the  posterior  border  of  the 
process  (see  Fi?.  284,  where  the  left  process  is  opened),  we  reach  the 


Li  DM  tAmponlU  Inferior 


HutoU  triuiEls 


sigmoid  sinus,  the  proximity  of  which  is  announced  by  the  bone  until 
then  spongy  becoming  compact  and  smooth  (internal  table).  The  bone 
is  everywhere  smoothed  with  a  rongeur  and  scraped  with  small  sharp 
spoons.  As,  very  often,  there  still  persist  be- 
hind and  above  small  pus-iilled  recesses,  par- 
ticular care  is  needed  in  that  region.  The 
bony  auditory  canal  and  the  tympanic  cavity 
remain  as  yet  unopened.  Beware  of  going 
too  far  down  and  below  with  the  chisel,  so  as 
not  to  wound  the  facial  nerve  running  in  the 
aqueduct  of  Fallope.  Similarly,  respect  the 
smooth  tegmen  tympani  above.  If  there  is 
pus  in  the  sinus,  there  is  also  generally  a 
small  pus  opening  leading  into  its  cavity,  and 
removing  the  bony  covering  and  splitting 
open  the  sinus  becomes  imperative.  In  case 
the  pus  has  invaded  the  tympanic  antrum,  the 
latter  must  be  opened  forward,  upward,  and 
inward.  If  we  go  still  farther  and  remove 
Fig.  284.  the  jrosterior  and  upper  wall  of  the  bony  ex- 

ternal auditory  canal,  we  thus  open  the  whole 
tympanic  cavity  and  the  epitympanic  recess.  Careful  scooping  out  of 
all  diseased  tissue.     The  epitympanic  recess  is  covered  by  the  tegmen 
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Tympanic  opening. 


tympani,  after  the  removal  of  which  the  temporal  lobe,  or,  rather,  the 
dura,  comes  into  view :  the  latter  structures  may  be  thus  exposed  here 
for  the  opening  of  abscesses.  In  the  same  way,  by  removing  the  skull 
in  the  back  and  upper  portion  of  the  large  wound  cavity,  we  may  open 
the  middle  and  posterior  temporal  fcssa,  search  the  sigmoid  sinus  for- 
ward and  backward  for  pus  foci,  and,  if  need  be,  tap  it  for  abscesses 
or  open  and  drain  it.  But  in  all  such  cases  of  otitic  brain  abscess, 
opening  of  the  mastoid  cells  and  of  the  middle  ear  must  be  performed 
before  opening  the  abscess  itself. 

It  is  best  to  pack  the  middle  ear  and  wait  for  healing  by  granulation 
from  the  depth  toward  the  surface.  This  way  protects  best  against 
recurrence,  and  a  persistent  antral  fistula  does  not  mean  a  very  bad  fail- 
ure. In  the  radical  operation  which  we  described  together  with  the 
exposure  of  the  mastoid 
cells,  a  plastic  method  (see 
Fig.  285)  is  resorted  to  in 
order  to  enable  the  large 
cavity  to  be  lined  with  epi- 
thelium and  prevent  adhe- 
sions of  the  external  audi- 
tory canal.  This  is  effected 
by  means  of  longitudinal 
splittings  (Tor  Y  incision), 
or  of  rectangular  flaps  taken 
from  the  external  canal  and 
from  parts  of  the  auricle. 

Stacke's  operation,  radi- 
cal operation  without  previ- 
ous opening  of  the  mastoid 
cells,  need  not  be  described 
here. 

IndicatiottM.  —  Simple 
trephining  of  the  mastoid 
process  is  necessary:  in  al- 
ready existing  abscesses  behind  the  ear  originating  in  the  mastoid,  in 
case  of  unending  discharge  of  pus  through  the  drum  membrane  and  in 
presence  of  inflammatory  symptoms  in  the  mastoid  in  cases  of  high 
fever,  headache,  and  grave  general  condition. 

The  radical  operation  is  undertaken  against  lesions  of  the  ossicles 
(necrosis),  of  the  walls  of  the  middle  ear,  of  the  labyrinth,  and  of  the 
mastoid  process,  and  against  the  growth  of  granulations  in  the  middle 
ear,  pus  retention,  polyps  of  the  middle  ear. 


.1  aiie.    a  a.  Skin  Inelalon  and  plutlc  tuMbncI  ot  Xwn 
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Koenig-Moller's  Ptattie  Cloaare  of  Skull  Defects. 

In  congenital  and  acquired  defects  of  the  skull,  Koenig-MiiUer  resort 
to  closure  with  a  akin-periosteum-bone  flap  which,  however,  unlike  a 
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Wagner  flap,  does  not  include  the  whole  thickness  of  the  bone,  but  only 
the  layers  external  to  the  diploS. 

Two  flaps  are  cut   (see  Fig.  286,  above)  one  of  which  exposes  the 
defect,  while  the  other,  having  its  pedicle  on  the  opposite  side,  contains 

the  piece  of  bone  which 


X 


^^^•(^^''ifj^ 


-• 


will  close  the  same. 
The  flap  incisions  are 
carried  down  to  the 
periosteum  (exclus- 
ive). The  flap  actually 
covering  the  defect  is 
detached  with  a  raspa- 
tory and  everted. 
Under  the  strongly  re- 
tracting edges  of  the 
second  flap,  a  circular 
groove  is  chiselled  in 
the  bone  and  a  piece 
of  the  cortical  layers, 
corresponding  in  size 
to  the  defect,  is  chis- 
elled off  the  skull,  care 
being  taken  to  pre- 
serve its  connections 
with  the  periosteum. 
This  piece  breaks  in 
many  small  fragments, 
but  that  does  not  put 
its  vitality  in  jeopardy 
(Fig.  286,  middle). 
The  flap  must  have  a 
pedicle  long  enough  to 
be  transferred  with- 
out trouble  over  the 
defect  and  sutured 
there.  The  edges  of 
the  bone  defect  must 
have  been  previously 
freshened.  The  other 
flap  is  then  made   to 

slide  till  it  covers  the  resulting  skin  loss  of  substance  and  is  stitched 

there  (Fig.  286,  below). 

Laminectomy 

Laminectomy,  first  performed  by  Macewen,  is  the  opening  of  the 
vertebral  canal  for  the  removal  of  projecting  fragments  of  bone,  and 
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splinters  after  fractures  of  the  spinal  column,  and  of  projectiles;  for  the 
draining  of  purulent  collections;  for  the  extirpation  of  tumors  originat- 
ing either  in  the  bone  itself  or  in  the  dura,  the  arachnoidea,  the  pia, 
even  in  the  spinal  cord  itself;  for  the  removal  of  parasites  or  for  expos- 


FiG.  287. 


ing  the  posterior  nerve  roots  in  case  of  neuralgia  not  curable  by  other 
means. 

The  vertebral  canal  is  very  deeply  hidden,  and  is  protected  by  the 
akin,  muscles,  bones,  and  very  strong  elastic  ligaments.  Consequently 
the  wound  presents  always  a  very  great  depth,  and  bleeding  is  consid- 
erable.   Osteoplastic  methods  have  been  almost  altogether  discarded; 
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therefore  we  do  not  go  any  longer  to  the  trouble  of  operating  subperios- 
teally  on  the  spinous  processes  and  the  vertebral  arches. 

The  patient  is  placed  horizontally  in  the  semiabdominal  position,  or  on 
the  BaU-KraiLse  table,  so  that  the  part  of  the  spinal  column  to  be  opened 
forms  as  strong  a  kyphotic  curve  as  possible.  General  anesthesia  is  in- 
dispensable. Of  course  a  localization  diagnosis  as  precise  as  possible  is 
always  necessary ;  but,  as  frequently  the  lesion  is  situated  higher  than 
expected,  it  is  convenient  to  make  from  the  outset  the  external  incision 
reach  higher  than  apparently  strictly  necessary. 

Make,  therefore,  first  a  long  cutaneous  incision  and  dissect  the  skin 
away  on  each  side  to  1  cm.  laterally  of  the  spinous  processes,  cover 
the  wound  edges  on  each  side  with  a  thick  gauze  compress  and  fasten 

the  latter  with  clamps  {Mikulicz* 
peritoneal  clamps  answer  very 
well  the  purpose)  over  the  skin 
edges,  so  as  to  completely  shut 
off  from  the  operative  field  the 
Fig.  288.  -  i  nat  size!  skin  which  is  very  hard  to  make 

germ-free.  Then  thrust  quickly 
a  strong  and  broad  bone  knife  flat  and  directly  on  each  side  of  the 
spinous  process  down  to  their  basis.  With  an  elevator,  detach  quickly 
the  soft  parts  from  the  vertebral  laminae  on  each  side.  Introduce  broad 
blunt  retractors,  one  on  each  side,  and  draw  strongly  the  soft  parts  out- 
ward: this  diminishes  considerably  the  hemorrhage.  Cut  two  or  three 
spinous  processes  at  their  base  by  means  of  a  sharp  bone  forceps  (shaped 
as  nippers,  Satterlee,  see  Fig.  288). 

Division  with  strong  scissors  of  the  interspinous  ligaments  uniting 
above  and  below  the  remaining  and  the  falling  spinous  processes,  during 
which  step  we  have  to  remember  that  said  processes,  in  the  cervical  and 
the  nine  first  dorsal  vertebrae,  are  directed  steeply  downward  and  often 
hide  each  other,  while  those  of  the  lower  dorsal  and  of  the  lumbar  vertebrae 
are  just  about  horizontal  and  separated  from  each  other  by  a  larger 
interval.  With  a  good,  and  not  too  large,  rongeur,  and  eventually  after 
boring  first  a  hole  in  a  lamina  near  the  stump  of  the  spinous  process 
with  one  of  Doyen's  spherical  fraises,  or  with  Krause's  rachiotome  built 
on  the  model  oiDahlgreiVs  skull  forceps,  a  lamina'is  nipped  off  piecemeal, 
as  far  laterally  as  possible.  Once  one  of  the  laminae  has  been  removed, 
the  removal  of  the  others  is  a  very  simple  matter. 

The  farther  laterally  one  goes  near  the  lower  articular  process,  the 
more  of  the  fovea  articularis  superior  of  the  subjacent  vertebra  comes 
into  view.  Now  the  epidural  space  lies  opened,  filled  with  very  soft 
fatty  tissue  and  crossed  by  the  very  important  vertebral  venous  plexus. 
The  fatty  tissue  is  generally  easily  torn  between  two  dissection  forceps, 
whereupon  the  white  glittering  and  tough  dura  appears.  If,  by  means 
of  flat  and  blunt  retractors,  we  draw  aside  the  cord  wrapped  in  the  dura, 
we  can  inspect  the  lateral  parts  of  the  vertebral  canal  and  examine  the 
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posterior  nerve  roots  ensheathed  in  dural  expansions,  and  even  part  of 
the  anterior  roots.  The  dura  is  split  along  the  middle  line,  first  for  a 
short  length  with  the  knife,  then  more  widely  with  knobbed  scissors 
after  the  edges  of  the  incision  have  been  taken  in  clamps  and  lifted  up 
(see  Fig.  287).  By  blunt  division  of  both  layers  of  the  arachnoid  with 
their  numerous  connecting  septa,  we  gain  access  to  the  subdural  and 
subarachnoidal  spaces,  the  cord,  and  the  nerve  roots,  and  by  drawing 
aside  the  cord,  we  can  also  explore  the  anterior,  part  of  these  structures. 
A  strong  flow  of  cerebro-spinal  fluid  makes  necessary  a  completely  hori- 
zontal position,  or  even  a  slight  elevation  of  the  pelvis  of  the  patient. 
When  there  is  not  much  bleeding  and  no  suppuration,  the  dura  is  again 
closed  exactly  by  an  interrupted  fine  catgut  or  silk  suture,  and  the  skin 
also;  otherwise  the  wound  is  left  partially  opened,  packed  with  sterile 
gauze  and  drained.  Large  dressing,  the  superficial  layers  of  which  have 
to  be  frequently  changed  on  account  of  their  becoming  wet  through. 
After  the  operation  semiabdominal  or  lateral  position,  absolutely  horizon- 
tally, on  account  of  the  escape  of  spinal  fluid. 


B.  Operations  on  the  Face 

1.  Operations  on  the  Trigeminal  Nerve 

It  must  be  made  clear  that  all  neurotomies  (simple  section  of  the 
branches  of  the  trigeminus)  have  no  value  at  all,  and^  neurectomies  (re- 
section of  nerves)  have  but  little;  and  that  the  only  operation  worth 
while  considering  for  the  cure  of  neuralgia  of  the  peripheral  nerve 
trunks,  is  nerve  exeresis  (extraction  of  nerves)  following  ThievBcWa 
method.  For  this  purpose,  we  use  the  special  nerve  forceps  devised  by 
Thiersch  or  that  of  Krause  which  differs  from  the  former  in  that  the 
striation  is  not  perpendicular  to  the  long  axis  of  the  blades,  but  parallel 
with  it,  and  therefore  holds  more  firmly  without  crushing  (Fig.  282  on 
page  271).  After  the  nerve  has  been  grasped  transversely  in  the  forceps, 
the  latter  is  slowly  rotated  around  its  axis,  so  that  a  traction  is  exerted 
on  the  peripheral  as  well  as  on  the  central  segment  of  the  nerve.  After 
each  half  circumference,  stop  for  a  few  seconds.  We  see  on  the  outer 
skin  distinctly  retracted  points,  and  from  these  we  can  judge  how  far  the 
mobilizing  of  the  nerve  has  progressed.  Finally,  the  nerve  tears,  gen- 
erally at  first  proximally,  then  distally,  and  if  we  put  the  extracted  part 
to  float  in  water,  we  can  see  that  the  nerve  has  been  removed  almost  in 
its  entirety,  its  finest  ramifications  inclusive. 

The  following  drawing  (after  Coming  or  Zander)  is  intended  to  illus- 
trate the  area  of  distribution  of  the  different  trigeminal  branches.  It  is 
worthy  of  notice  that  the  different  branches  overlap  widely  each  other 
and  encroach  on  the  territory  of  the  neighboring  cervical  nerves.  (Fig. 
289.) 
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Fint  Branch  ofthm  Trigeminm  (Fig.  290). 

The  first  branch  of  the  trigeminus  (ophthalmic  nerve),  the  smallest  of 

the  three,  passes  along  the  cavernous  sinus  to  the  superior  orbital  fissure, 

and  divides  soon  before  en- 
tering the  latter  into  the 
nasociliary,  frontal,  and 
lacryraal  branches.  The 
frontal  running  directly  be- 
low the  roof  of  the  orbit^ 
between  the  bone  and  the 
periosteum,  divides  into  the 
supratrochlear  and  supra- 
orbital and  reaches  the  fore- 
head through  the  supraor- 
bital notch.  This  frontal 
nerve,  which  still  gives  a 
frontal  twig,  is  the  only  one 
that  may  be  the  object  of 
an  operation. 

Determination  by  palpa- 
tion of  the  supraorbital 
notch  (medially  of  the 
middle  of  the  supraorbital 
ridge).       Curved     incision 

along  the  latter,  the  notch  corresponding  to  the  middle  of  the  incision 

about  3.5  cm.  long  which  divides  the  skin  and  the  orbicularis  muscle 

parallel  with  the  direction  of  its 

fibers.     The  muscle  is  separated 

from  the  nerve  already  expanded 

into  its  terminal  branches,  along 

which  the  dissection  is  continued 

until  the  orbital  ridge  is  reached. 

Incision  of  the  periosteum  below 

the  point  of  emergence  of  the 

nerve  which  is  lifted  away  from 

the  roof  of  the  orbit  as  far  back- 
ward   as    possible.     The  whole 

orbital    contents    are    carefully 

maintained  downward  by  means 

of    a    flexible    copper    spatula. 

Now,  we  survey  the  whole  course 

of  the  nerve  and  can  lift  the 

latter  away  from  the  bone  to 

the  notch:  there  it  is  still  held 

by  a  strong  bundle  of  connective  tissue  which  has  to  be  cut;  eventually 

even,  when  there  is  a  regular  supraorbital  foramen,  the  thin  bridge  of 
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Fig.  290. 


OPERATIONS  ON  THE  HEAD 


281 


bone  is  chiselled  off.  Now  go  as  far  backward  as  possible  in  the  orbit, 
so  as  to  also  catch  at  the  same  time,  whenever  possible,  the  supratroch- 
lear nerve  (if  left,  it  may  easily  cause  recurrences)  and  after  pinching 
the  nerve  there,  twist  it  If  we  go  too  far  inward  and  downward,  the 
trochlea  and  the  oblique  superior  muscle  are  in  danger.  If  we  go  very 
far  backward,  then  we  may  also  seize  the  lacrymal  nerve. 

Second  Branch  of  thm  Trigmminal  Nerv9  (Fig.  291). 

The  second  trigeminal  branch  (maxillary  nerve)  runs  through  the 
foramen  rotundum  into  the  pterygo-palatine  fossa,  thence  through  the  in- 
ferior orbital  fissure  to  the  floor  of  the  orbit  and  finally  through  the 
infraorbital  canal  of  the  upper  maxillary  bone.  In  the  pterygo-palatine 
fossa  it  gives  upward  the  zygomatic  nerve  and  downward  the  spheno- 
palatine nerve  to  the  homonymous 
ganglion,  and  soon  after  its  en- 
trance into  the  orbit  the  posterior 
and  superior  alveolar  filaments,  and 
is  called  henceforth  infraorbital 
nerve:  this  is  the  part  that  has 
oftenest  to  be  operated  on. 

The  incision  proposed  by  Thieraeh 
ran  for  a  length  of  3  cm.  along  the 
lower  orbital  ridge,  dividing  the 
skin  and  the  orbicular  muscle.  On 
this  first  incision  was  drawn  per- 
I>endicularly  a  second  one  corre- 
sponding to  the  position  of  the  infra- 
orbital foramen  which  is  situated 
notably  nearer  the  median  line  than 
the  middle  of  the  inferior  orbital 
ridge  and  1  cm.  below  the  latter. 
Kocher's  incision  is  better,  be- 
cause it  spares  the  branches  of 
the  facial  nerve.  Incision  3  or  4  cm.  long,  beginning  about  0.5  cm. 
below  the  internal  end  of  the  lower  orbital  ridge  and  running  a  little 
obliquely  outward  and  downward  through  the  skin  and  fascia,  below 
the  orbicularis  oculi  muscle  to  the  quadratus  labii  supefioris  which  goes 
inward  and  downward  and  covers  by  its  insertion  the  foramen  infra- 
orbitale.  A  number  of  the  ramifications  of  the  infraorbital  n^rve  are 
already  seen  in  the  upper  Hp  of  the  wound  and  are  spared.  Krauae 
twists  these  peripherally,  one  at  a  time,  and  leaves  them  connected  cen- 
trally with  the  nerve  trunk.  The  surgeon  now  locates  by  palpation  the 
foramen  infraorbitale  (see  above)  and  divides  transversely  the  periosteum 
at  the  origin  of  the  quadratus  labii  superioris  (to  do  this,  the  upper  edge 
of  the  wound  must  be  well  retracted  upward),  then,  with  an  elevator, 
shoves  the  periosteum  until  the  infraorbital  nerve  which  sends  ramifica- 
tions to  the  pes  anserinus  minor  is  well  exposed.    Together  with  the 


Fig.  291. 


282  OPERATIONS  ON  THE   HEAD 

nerve  runs  the  infraorbital  artery  which  can  be  isolated  from  it  Some- 
times there  are  two  or  three  foramina  infraorbitalia,  with  as  many  nerves 
emerging  from  them.  Pushing  away  of  the  periosteum  from  the  orbital 
edge,  and  of  the  periorbital  periosteum  from  the  cavity  of  the  orbit  as  far 
backward  as  possible.  The  contents  of  the  orbit  are  lifted  up  with  a 
flexible  copper  spatula.  Then  we  see  the  infraorbital  nerve  running 
almost  exactly  sagittally  glitter  through  the  wall  of  the  orbit  A  few 
short  chisel  strokes  open  the  canal  on  the  orbital  ridge;  its  roof  is 
broken  backward  with  an  anatomical  forceps,  eventually  in  case  of  thick 
walls  chiselled  from  in  front  backward  carefully  so  as  not  to  open  High- 
more's  antrum,  a  contingency  which  anyway  seldom  causes  infection  of 
the  wound  (see  Fig.  290).  Now  the  nerve  is  bluntly  raised  from  its 
whole  bony  bed:  and  when  it  has  been  well  drawn  out  it  is  grasped  with 
the  nerve  forceps  just  as  far  back  as  possible  (the  infraorbital  artery 
being  avoided),  twisted  and  extracted. 


Third  Branch  of  the  Trigeminal  Neroe  (Fig.  292). 
The  third  trigeminal  branch  (mandibular  nerve)  is  by  much  the  lar- 
gest    Among  its  numerous  branches,  those  that  have  to  be  considered 

for  possible  extraction  are 
the  superficial  temporal 
(arising  from  the  auriculo- 
temporal), the  inferior  alve- 
olar and  the  lingual.  It 
contains  also,  besides  sen- 
sory fibres,  the  motor  bundle 
of  the  trigeminus  and, 
through  its  masticatory 
nerve,  supplies  all  the 
muscles  of  mastication,  the 
temporal,  the  masseter,  and 
the  pterygoidei,  internal 
and  external.  This  mastica- 
tory branch  has  not  to  be 
taken  into  account  for  the 
exposure  of  the  above-men- 
tioned nerves,  but  has  to  be 
in  case  of  extraction  of  the 
whole  mandibular  nerve  at 
the  base  of  the  skull  at  the 
exit  from  the  foramen  ovale 
Fig.  292.  of  the  sphenoid. 

The  superficial  temporal 
nerve  runs  in  front  of  the  earwith  the  superficial  temporal  artery,  and  is 
therefore  easy  to  find  here  behind  the  latter  through  a  vertical  incision 
dividing  the  skin  and  fascia. 
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Inferior  Alveolar  Nerve. 

It  goes  downward  between  the  pterygoidei,  internal  and  external,  be- 
hind and  laterally  of  the  lingual  nerve  to  the  foramen  mandibulare  which, 
covered  forward  by  the  lingula,  lies  on  the  internal  aspect  of  the  ascend- 
ing ramus  of  the  lower  jaw,  about  3  cm.  forward  of  and  above  the  angle  of 
the  latter;  then  runs  in  the  canal  of  the  bone,  and  emerges  through  the 
foramen  mentale  exactly  below  the  second  premolar  tooth  and  there  is 
called  nervus  mentalis. 

Extraction  of  this  nerve  takes  place  at  the  entrance  in  the  foramen 
mandibulare.  The  curved  incision  runs  on  the  angle  of  the  jaw  through 
the  skin  and  fascia  (see  Fig.  292).  This  incision  is  made  cautiously,  layer 
by  layer,  sparing  the  branches  of  the  facial  nerve,  among  which  the 
ramus  marginalis  mandibulae  running  almost  exactly  in  the  direction  of 
the  incision,  while  a  fine  ramification  going  to  the  angle  of  the  mouth 
crosses  the  operative  field  and  can  be  deflected  upward  (see  Fig.  295,  on 
page  287).  Beneath  the  fascia  appears  the  posterior  border  of  the  mas- 
seter.  Here  the  periosteum  is  incised  lengthwise  and,  with  a  raspatory, 
pushed  forward  together  with  a  part  of  the  insertions  of  the  masseter,  so 
that  the  surgeon  can  see  the  whole  width  of  the  ascending  branch  of  the 
lower  jaw.  An  inch  above  the  lower  border  of  the  bone  a  hole  is  chis- 
elled through  the  latter.  In  this  way  we  strike  without  fail  the  foramen 
mandibulare,  and  then  can  separate  the  nerve  from  the  artery  and  ex- 
tract it  by  torsion.  Others  bite  away  subperiosteally  with  a  rongeur  the 
bone,  beginning  on  the  posterior  border,  till  they  reach  the  lingula  and 
find  the  nerve.  The  solidity  of  the  bone,  whose  periosteum  is  preserved, 
does  not  suffer  much :  but  anyhow  the  first  technique  must  be  preferred 
as  being  less  destructive. 

Through  the  same  incision,  only  carried  a  little  higher  up,  the  infe- 
rior alveolar  nerve  and  the  lingual  can  be  exposed  together  (method  of 
Sonnenburg,  who,  however,  aims  at  reaching  thus  only  the  former) .  The 
periosteum  is  incised  on  the  border  of  the  jaw  after  the  parotid  gland 
has  been  drawn  upward,  and,  with  elevator  and  knife,  detached  from  the 
inner  aspect  of  the  bone,  together  with  the  insertion  of  the  internal 
pterygoid  muscle  up  to  the  lingula.  Next,  according  to  Krause,  the  in- 
ferior alveolar  nerve  is  separated  from  the  artery  and  temporarily  secured 
in  an  artery  forceps.  If  now  we  push  the  blunt  dissection  farther 
upward,  we  come,  below  the  external  pterygoid  muscle,  to  the  meeting 
point  of  the  inferior  alveolar  nerve  and  of  the  lingual;  we  can  clamp  here 
both  nerves  and  extract  them  by  twisting.  Kratise  performs  the  opera- 
tion on  the  hanging  head,  the  lower  jaw  drawn  forward  by  means  of 
sharp  bone  hooks:  if  need  be,  the  external  maxillary  artery  is  doubly 
ligated  and  severed. 

From  the  buccal  cavity  we  may  also  well  reach  the  lingual  nerve  at 
that  point  where  the  mucosa  of  the  lateral  surfaces  of  the  tongue  passes 
over  the  floor  of  the  mouth,  at  the  level  of  the  three  molar  teeth.  The 
mouth  itself  being  widely  open,  the  angle  of  the  mouth  iB  drawn  back- 
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ward,  the  tongue  toward  the  opposite  side  aod  slightly  upward,  and  the 
mucous  membrane  is  incised  from  behind  forward  in  front  of  the  last 
molar  and  nearer  the  floor  of  the  buccal  cavity  than  the  tongue.  The 
nerve  is  immediately  beneath  the  mucosa. 

Extraction  of  the  Second  and  Third  Trigeminal  Branches  at  the 
,Base  of  the  Shall  (after  Kronlein). 

The  methods  of  exposure  of  the  second  and  third  trigeminal  branches 
at  the  base  of  the  skull  are  extremely  numerous,  but  most  have  the  draw- 
back of  severing  in  their  incision  of  the  soft  parts  important  twigs  of 
the  facial  nerve.  Krordein'a  own  technique  does  not  escape  this  criti- 
cism and  consequently  has  been  modified  by  Krause  so  as  to  obey  Kocker's 
fundamental  rule  to  respect,  under  all  circumstances,  the  ramifications 
of  the  facial. 

The  skin  incision  begins  a  finger's  breadth  outside  of  and  below  the 
end  of  the  eyebrow,  descends  along  the  posterior  border  of  the  frontal 

process  of  the  malar 
bone,  then  runs  along 
a  flat  curve  concave 
upward,  backward,  and 
downward  to  the  lower 
border  of  the  zygo- 
matic arch  and  follows 
the  latter  till  the  ante- 
rior border  of  the  artic- 
ular tubercle.  There 
the  incision  ascends  a 
little  obliquely  upward 
and  backward  to  end 
close  above  the  zygoma 
in  front  of  the  ear. 
The  temporal  fascia  is 
dividedalong  the  whole 
upper  border  of  the 
zygomatic  arch ;  for 
this,  the  middle  part 
of  the  flap  must  naturally  be  drawn  upward.  Just  in  front  of  the 
articular  tubercle,  the  periosteum  of  the  zygoma  is  incised  perpendicu- 
larly to  the  latter  and  pushed  backward.  Next,  the  arch  itself  is  chis- 
elled close  to  its  base  in  a  direction  oblique  forward  and  inward  (see 
Lexer's  method  of  extirpation  of  the  Gasaerian  ganglion).  So  as  to  be 
able  to  divide  also  through  that  incision  the  malar  bone  in  front,  the 
lower  and  inner  angle  of  the  wound  must  be  very  strongly  retracted 
downward.  Here  the  periosteum  is  incised,  pushed  toward  the  orbit 
with  a  raspatory,  and  the  bone  is  detached  as  much  as  possible  from  the 
soft  parts,  above  and  below  and  on  its  posterior  circumference,  with  the 
help  of  a  curved  elevator.     A  Gigli  saw  is  carried  around  it  and  the  tem- 
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poral  process  is  sawed  in  such  a  way  that  hardly  anything  of  it  is  left 
behind  (see  Fig.  293).  The  detached  malar  bone,  together  with  the 
masseter  muscle  and  the  skin,  is  strongly  drawn  downward  by  sharp 
four-pronged  hooks   (so  far  this  is  Krauae^s  modification). 

Now,  the  temporal  muscle  and  its  insertion  into  the  coronoid  process 
lies  directly  in  view.  The  insertion  of  the  masseter  must  be  a  little 
detached  downward  from  the  external  surface  of  the  process,  so  as 
to  let  a  narrow  chisel  or  a  cutting  bone  forceps  divide  as  low  as  possible 
the  coronoid  process  in  a  direction  oblique  downward  and  forward  (see 
Fig.  293,  dotted  line).  Then  said  process  is  hinged  upward  with  the 
powerful  tendon  of  the  temporal  muscle,  whereupon  the  infratemporal 
fossa  is  exposed.  In  this  fossa  the  external  pterygoid  muscle,  arising 
from  the  external  plate  of  the  pterygoid  process  by  a  broad  belly, 
and  from  the  infratemporal  ridge  by  a  more  slender  belly,  goes  to  the 
neck  of  the  lower  jaw  in  almost  a  sagittal  direction.  Its  fibres  radiate 
toward  the  neck  of  the  bone.  On  the  muscle  can  be  s^en  and  felt 
the  internal  maxillary  artery,  which  may  be  doubly  ligated  and  severed 
so  as  to  prevent  later  hemorrhages,  especially  from  the  middle  menin- 
geal artery.  The  origin  of  the  external  pterygoid  muscle  is  then  de- 
tached from  the  upper  part  of  the  external  plate  of  the  pterygoid 
process  and  from  the  infratemporal  ridge  and  drawn  downward.  The 
surgeon  then  penetrates  perpendicularly  in  the  depth,  always  keep- 
ing on  the  base  of  the  skull,  the  pterygoid  process  being  used  as  a  land- 
mark. Directly  behind  the  root  of  the  pterygoid  process,  and  about  J  inch 
back  of  it,  lies  the  foramen  ovale,  through  which  emerges  the  thick 
third  branch  of  the  trigeminus  (mandibular  nerve).  The  latter  is  liber- 
ated with  a  blunt  instrument  (after  ligation  of  the  internal  maxillary 
artery,  we  do  not  have  to  pay  any  more  attention  to  the  middle  meningeal 
artery  which  is  a  little  outside  and  behind  the  nerve),  grasped  in  a  nerve 
clamp  and  very  slowly  twisted.  The  bleeding  from  the  venous  pterygoid 
plexus  may  become  very  annoying;  it  may  be  checked  by  temporary  pack- 
ing. The  often  abundant  fatty  tissue  may  be  cleaned  away  with  an  ana- 
tomical thumb  forceps. 

To  reach  the  second  branch  of  the  trigeminus,  we  dig  deeply  by 
blunt  dissection  along  the  base  of  the  skull,  in  front  of  the  external 
plate  of  the  pterygoid  process  in  the  direction  of  the  infraorbital  fissure 
(always  compare  on  a  skull  near  at  hand) ,  the  position  of  which  may  be 
determined  with  a  knobbed  director.  In  its  farthest  back  angle  we  find 
the  nerve  coming  out  from  the  foramen  rotundum  and  running  obliquely 
forward,  outward,  and  downward. 

Of  course,  if  the  maxillary  nerve  is  the  only  one  we  want  to  expose 
through  this  incision,  we  do  not  need  to  detach  the  coronoid  process  with 
the  tendon  of  the  temporal  muscle ;  eventually,  however,  we  may  have  to 
push  back  with  a  raspatory  the  most  anterior  bundles  of  fibres  of  the  same 
muscle.  We  may  also  ligate  as  a  preliminary  step  the  external  maxillary 
artery  when  it  causes  trouble. 
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I  i^hM  still  8ay  that  Ltjcer  recommends  the  following  technique  for 
tho  MVAtK'tion  of  tho  third  trigeminal  branch:  Incision  along  the  upper  bcnr- 
dor  of  tho  t^^gomatic  arch  through  the  skin  and  temporal  fascia.  Sawing 
of  tho  Kj^gvmm  bohind*  chiselling  of  the  same  in  front,  as  in  extirpati<m 
of  tho  Uassorian  ganglion  by  Lerer^s  method.  Hingeing  downward  of  the 
dotachoil  arch.  Separation  of  the  posterior  border  of  the  temp(»-al  muscle 
fhm\  tho  lK>no«  owntualb\  deflection  and  strong  retraction  of  the  muscle 
f\^N\niu\i  ^>  that  tho  infratemporal  ridge  is  seen.  Incision  of  the  perios- 
t^m\  oxactl>^  oi\  tho  sharp  edge  of  the  ridge,  A  blunt  and  flat  retractor, 
3  omv  \vido«  i:»  intrvnluced  in  the  periosteal  slit  and  drawn  downward:  it 
Ihon  ;^trii«  tho  periosteum  otF  th^  skull,  and  at  the  same  time  retracts 
tho  oxtomal  ^>tor>*J^>id  muscle  downward  and  slightly  f<xward.  Tboi 
tho  in(VatKHi\poral  fossa  and  in  its  farthest  back  angle,  the  foramen 
ovak\  aro  oxpocf^ni    A  small  blunt  hook  t  strabismus  bookt  is  passed 

anwnd  the  ma-ve.  The  orig- 
inal featune  of  the  method  is 
the  subperiosteal  appnoadi  to 
the  Dern?.  whict  jessetis 
siderahSy  the  daz^ger  of 
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and  to  pack  with  iodoform  gauze  the  interval  between  the  nerve  stumps, 
so  as  to  prevent  reunion  between  the  central  and  peripheral  ends. 

KronUin't  Operation  for  ExpoMure  of  the  Orbit, — For  the  extir- 
pation of  retrobulbar  tumors. 

Skin  incision  (see  Fi^.  295),  as  modified  by  Tavel,  to  spare  the 
branches  of  the  facial.  Skin  incision  1  cm.  long  over  the  base  of  the 
frontal  process  of  the  malar  bone  parallel  with  the  course  of  the  ramifi- 
cations of  the  facial  nerve.  Chiselling  through,  with  a  narrow  chisel,  of 
said  process,  till  the  inferior  orbital  fissure  is  reached  (see  Fig.  296). 
Then  an  incision  is  made  through  the  middle  of  the  eyebrow  from  its  in- 
ternal to  its  external  end,  and  lengthened  in  the  direction  of  the  lobule 
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of  the  ear,  to  the  upper  border  of  the  zygoma.  On  the  supraorbital  arch, 
the  incision  goes  down  to  the  bone,  in  the  temporal  region,  it  stops  at 
the  fascia.  Lifting  of  the  periosteum  from  the  lateral  wall  of  the  orbit 
by  means  of  an  elevator  introduced  in  the  infraorbital  fissure  and  left 
there.  The  surgeon  palpates  the  zygomatico-frontal  suture  (often  also 
visible)  and,  beginning  a  little  above  the  suture,  chisels  obliquely  down- 
ward and  backward,  with  a  slender  chisel,  the  zygomatic  process  of  the 
frontal  bone,  and  the  lateral  wall  of  the  orbit,  until  he  reaches  the  infe- 
rior orbital  fissure  in  which  the  elevator  is  stuck.  The  fragment  of  bone 
limited  by  these  two  incisions  has  therefore  the  shape  of  a  wedge,  the 
base  of  which  is  formed  by  the  external  wall  of  the  orbit  (frontal  process 
of  the  zygomatic  bone,  and  zygomatic  process  of  the  frontal  bone),  and 
the  point  of  which  is  in  the  inferior  orbital  fissure.  This  bony  bridge 
may  be  then  easily  lifted  out  with  the  skin  flap,  and  hinged  downward. 
Tavel  recommends,  in  order  to  gain  a  better  view,  to  save  only  the  ante- 
rior part  of  the  bone  of  the  osteoplastic  flap,  and  to  rongeur  away  the 
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thin  outer  wall  of  the  orbit,  the  mobilized  part  as  well  as  that  left  in  situ. 
Now  the  temporal  muscle  is  detached  from  the  semicircular  line  and 
drawn  downward  and  outward  with  the  fascia.  Then  the  whole  retro- 
bulbar region  of  the  orbit  is  exposed.  To  extirpate  the  tumor,  there 
remains  still  to  split  the  periosteum  of  the  orbit.  After  the  extirpation, 
the  upper  skin  incision  is  sutured,  the  short  lower  incision  eventually 
receives  a  small  drain. 

The  original  Krordein  incision  begins  in  the  temporal  region  in  the 
point  where  the  semicircular  line  is  distinctly  felt  under  the  skin,  runs 
in  a  curve  convex  forward  along  the  external  orbital  crest  to  the  level  of 
the  upper  edge  of  the  zygoma,  curves  here  backward  ,and  ends  in  the 
middle  of  the  latter  bone. 

2.  Operations  On  and  Within  the  Nose  and  the  Adjoining  Cavities 

RhinoploMiy. 

It  is  impossible  to  describe  exactly  all  methods  of  rhinoplasty.  Each 
individual  case  has  its  peculiar  features.  Sometimes,  the  covering  of 
small  losses  of  substance  may  be  very  easy,  sometimes  also  it  may  present 
considerable  difficulty :  in  other  cases,  the  creation  of  a  new  nose  ranks 
among  the  operations  the  most  difficult  and  requiring  the  greatest  expe- 
rience. Now  the  tip  of  the  nose  is  the  only  missing  part,  now  the  skin, 
now  again  the  cartilage  plus  the  bone,  now  the  whole  nose;  in  some  cases, 
the  neighboring  skin  of  the  cheek  and  forehead  is  well  preserved,  in 
others,  it  is  scarred  and  more  or  less  unfit  for  plastic  purposes.  The  cheek, 
forehead,  and  arms  are  the  most  important  places  where  the  plastic  flap 
may  be  cut  from,  but  parts  of  the  auricle,  together  with  the  cartilage, 
parts  of  the  fingers,  and  segments  of  costal  cartilage  and  still  many 
others  have  been  used  to  this  effect.  Simple  cutaneous  defects  of  the 
lateral  siirfaces  of  the  nose  are  easiest  to  replace  by  taking  a  flap  on  the 
other  side  of  the  nose  or  on  the  cheek  or  the  forehead  and  rotating  the 
I)edicle  more  or  less.  The  resulting  losses  of  substance  may  be  closed 
immediately  by  suture  or  covered  with  Thiersch  or,  better,  Krause  grafts. 
The  difficulty  is  already  greater  when  the  cartilage  also  is  destroyed,  as 
in  this  case  a  simple  skin  flap  does  not  restore  sufficiently  the  shape.  It 
undergoes  cicatricial  shrinking,  infolds  itself  on  the  underlying  planes 
as  a  sequel  to  fibrous  contraction,  remains  soft,  and  the  result,  maybe 
good  just  after  the  operation,  is  ultimately  highly  defective  from  a  cos- 
metic standpoint 

Flaps  folded  double,  so  that  the  wound  surfaces  are  applied  against 
each  other,  and  that  one  side  replaces  the  nasal  mucosa  and  the  other 
the  outer  skin,  have  also  been  employed.  Koenig  Jr.  has  employed 
parts  of  the  auricle  to  replace  the  ala  of  the  nose ;  others  have  first  im- 
planted bits  of  costal  cartilage  under  the  skin  around  the  nose  and,  after 
successful  healing,  have  transported  on  the  nose  a  pediculated  flap  con- 
taining said  cartilage.    If  the  bony  skeleton  also  is  destroyed,  the  nose 
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deeply  sunken  and  cicatricial,  if  the  nostrils  are  cicatricially  stenoaed, 
the  task  of  the  surgreon  becomes  uncommonly  difficult.  If  we  take  the 
necessary  flap  exclusively  from  the  arm  after  the  whole  limb  had  been 
held  in  an  immobilizing  bandage  for  two  weeks,  palm  flat  on  the  back  of 
the  head,  flexion  side  of  the  arm  directly  on  the  face,  we  obtain  a  nose 
consisting  only  of  skin,  which  later  crumples  into  a  shapeless  mass.  A 
nose  formed  at  the  expense  of  the  forehead  only,  after  the /nt/ion  method, 
is  hardly  any  better,  as  the  little  yielding  skin  generally  puckers  un- 
pleasantly. The  flrst  method,  the  so-called  Italian  rhinoplasty,  is  more- 
over very  disagreeable  for  the  patient,  on  account  of  the  position  of  the 
arm  before  the  face. 

New  noses  made  with  a  iToentsr-JtfuUer  skin-periosteum-bone  flap  taken 
from  the  forehead  possess  already  a  much  firmer  framework.     But  the 


Fig.  297. 


mucous  lining  is  still  lacking.  SchimmeUniach  has  tried  to  obviate  this 
by  first  covering  such  a  flap  on  the  wound  side  with  Thiersch  grafts  and 
inserting  it  in  the  avived  defect  of  the  nose  only  after  healing.  In  every 
case,  much  thinking  is  required  to  decide  which  one  of  the  sketched 
methods  ought  to  have  the  preference.  Only  seldom  will  one  operation 
suilice;  failures  will  be  frequent  These  are  almost  never  typical  opera- 
tions for  which  exact  rules  might  be  laid,  therefore  these  brief  data 
may  be  enough.  I  refer  to  the  detailed  exposition  of  this  chapter  in 
Koenig's  text-book  and  in  the  more  recent  publication  from  v.  Eiael^ferg's 
clinic,  and  to  the  different  methods  of  rhinoplasty  by  Leiachner  in  Lan^ 
genbeck'8  "Archives,"  vol.  84.     I  shall  only  make  a  little  clearer  than 
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has  been  done  in  this  short  reference  rhinoplasty  by  means  of  a  frontal 
flap,  the  old  Indian  method,  by  driving  two  illustrations  borrowed  from 
Hochenegg's  special  surgery  (see  Fig.  ^7) . 

Plugging  of  the  Posterior  Nares. 

In  those  rare  cases  in  which  we  cannot  find  the  bleeding  point  in  the 
nose  and  thus  check  directly  the  hemorrhage,  we  are  compelled  to  oc- 
clude the  corresponding  nasal  fossa,  so  that  once  the  cavity  will  have 
been  filled,  bleeding  will  stop  spontaneously.  To  that  effect  we  use  the 
so-called  Belloc  sound  consisting  of  a  catheter-shaped  tube  and  of  a 
watch-spring  provided  on  one  end  with  an  eye  and  on  the  other  with  a 
perforated  knob.  The  instrument  is  introduced  in  the  way  shown  in 
Fig.  298,  to  the  left,  along  the  floor  of  the  nasal  fossa;  the  spring,  at  first 
drawn  back,  is  pushed  forward  when  the  beak  of  the  tube  has  reached 


V^Jtam  oar. 


Fig.  298. 

the  naso-pharynx,  and  drawn  forward  through  the  open  mouth.  A  tam- 
pon of  iodoform  gauze  about  as  big  as  a  small  walnut  is  in  the  meanwhile 
fastened  to  three  threads,  a,  6,  and  c;  a  and  6  will  be  threaded  in  the 
button  of  the  spring.  Now  the  spring  is  drawn  back,  and  the  instru- 
ment is  withdrawn  so  that  both  threads  a  and  6  hang  out  through  the 
nostril.  If  now  we  seize  the  tampon  with  a  curved  dressing  forceps, 
and  pull  carefully  on  a  and  6,  the  tampon  may  be  easily  made  to  progress 
along  the  posterior  wall  of  the  pharynx  up  to  the  choanaB.  Then  a  and  6 
are  tied  firmly  around  a  gauze  tampon  acting  as  a  block  and  closing  the 
nostril  (Fig.  298,  to  the  right).  The  thread  c  hanging  out  of  the  mouth 
is  fastened  with  plaster  on  the  cheek  and  serves  for  the  removal  of  the 
posterior  tampon,  which  may  be  left  in  place  at  most  twice  twenty- 
four  hours. 


In  all  major  operations  within  the  nose,  which  possesses  numerous 
strongly  bleeding  vessels  anastomosed  with  each  other  to  an  almost  in- 
credible extent,  we  have  to  reckon  with  bleeding  which  may  become 
dangerous  not  only  on  account  of  the  loss  of  blood,  but  also  by  the  blood 
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flowing  down  into  the  pharynx  and  larynx  and  being  aspirated  in  the 
lungs,  which  can  cause  serious  consequences,  foremost  among  which 
pneumonia.  Methods  to  prevent  this  aspiration  of  blood  are  numerous, 
and  may  all  be  grouped  together  here  so  as  to  avoid  repetition.  All  these 
dangers  are  also  present  in  operations  on  the  upper  maxillary  bone,  the 
mouth,  and  the  different  parts  of  the  pharynx. 

Roae'a  Method  of  Operating  on  the  Hanging  Head. 

Rose  prevents  safely  the  aspiration  of  blood  by  placing  the  head  lower 
than  the  orifice  of  the  larynx.  The  head  is  made  to  hang  Aovm  over  the 
edge  of  the  table  and  rests  below  on  a  support  The  strong  stretching 
of  the  skin,  the  larynx,  and  the  trachea  has  no  inconvenience  for  general 
anesthesia ;  this  is  even  the  position  advocated  by  Witzel  as  the  normal 
position  for  all  cases  of  general  anesthesia.  But  a  greater  disadvantage 
of  tliis  method  is  that  venous  bleeding  is  generally  very  severe. 

Others  keep  the  patient,  from  the  moment  when  it  begins  to  bleed 
more,  in  semianesthesia  only,  so  that  the  reflex  excitability  of  the  larynx 
should  not  be  abolished  and  that  the  inflow  of  fluids  therein  should  pro- 
voke violent  coughing. 

Trendelenburg' a  Tampon- Cannula. 

This  is  shaped  as  an  ordinary  tracheal  cannula,  but  is  provided  on  its 
lower  straight  segment  with  a  IJiin  rubber  bag  which  {see  Fig.  299)  may 


Fig.  301. 


be  inflated  by  means  of  a  small  tube  placed  on  the  concave  side  of  the 
cannula  and  ending  into  the  bag;  it  applies  hermetically  all  around  the 
tracheal  walls  without  injuring  the  latter.  Narcosis  may  then  be  carried 
on  with  an  ordinary  mask  or  through  the  narcosis  funnel  represented  in 
Fig.  300.  The  only  drawback  of  this  method  is  the  unavoidable  compli- 
cation caused  by  tracheotomy  and  occasionally  the  bursting  of  the  rubber 
bag. 

Others  prefer  Hahn's  pressed  sponge  cannula,  which  ought  to  close 
still  more  safely. 
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Kaht'M  Pmroral  Imtabation, 

The  necessary  apparatus  consists  of  a  flexible  metallic  tube  provided 
on  its  anterior  end  with  a  mouthpiece  and  a  shield  to  protect  it  against 
bites,  and,  at  a  few  centimetres  from  the  other  end,  with  a  flattened  ring 
of  larger  calibre  than  the  tube  itself  and  which  comes  to  lie  in  the  glottis 
(Fig.  302).  The  mouthpiece  carries  a  wire  hook,  on  which  is  adjusted 
a  rubber  tube  holding  the  instrument  in  place  on  the  head.  The  anes- 
thetic is  administered  through  a  tube  and  funnel.  The  introduction  is 
effected  with  the  help  of  a  rigid  tube-carrier,  as  follows:  The  patient  is 
first  chloroformed  deeply  in  the  usual  way,  then  the  mouth  is  opened 
with  a  Roaer  or  O'Dvfyer  gag  (see  Figs.  22  and  23,  on  page  31)  inserted 


on  tlte  left  side.  The  anesthetist  introduces  is  the  moath  die  left  index 
finger  p>n>ceeted  by  a  metallic  cap.  holds  ih*  ^pig'ottis  up.  and  ascer- 
tains at  the  saune  time  tfce  awition  of  the  instmmeat  (Fig.  308'  which, 
mount)*d  on  the  carrier,  is  ;i::r\xiu».-ed  exactly  over  the  middle  line  oi  the 
tongoe.  then  on  the  back  s:irface  of  the  epigiocris  and  slipped  bsck^ranl 
into  tfce  laxytx  Then  the  fcaiii'e  o:  :fae  carrier  is  strr-ngiy  lowered,  and 
tite  carrier  withdrawTL  I:  is  c,'-- verJen:  to  pack  imsiefiiateiy  and  ccta- 
plettfly  the  pfcarynx  with  »  bania^.  K'tfl..«.  cocsi-Kr?  this  as  sirer^-jots 
in  most  cas)e&  Tfce  tube  is  fasteced  i::  piat-e  iz  the  r:ar--e-  desoribei  i:: 
Fig.  AH.  Oce  (C  the  ends  o:  th-e  r;be  ras^e?  o-  the  chii:  a=.i  be;..-™-  :±^ 
««r.  th<e  other  owr  tbe  rwc  of  th^e -■:<*e.  oTrr  the  surraL-roirsI  scrfi^-e. 
aiboTie  tie  ear  a=.d  twcin^i  the  reck.     The  ,-hl-:r:f;rm  funiicl  is  rr-r-r-.i-ei 


FtG.  303. — Showing  finger  and  intubation 
tube  in  position. 
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with  a  stethoscopic  tube  to  enable  the  anesthetist  to  watch  better  the 
respiratory  rhythm. 

Kuhn  recommends  intubation;  1,  in  operations  for  large  tumors  of 
the  neck  pressing  on  the  trachea;  2,  in  so-called  "bad"  anesthesia;  3,  so 
as  to  leave  the  upper  respiratory 
I)assages  free  during  general  an- 
esthesia; 4,  in  all  operations  on 
the  mouth  and  adjoining  cavi- 
ties. 

The  chief  advantages  of  the 
method  are:  1,  that  the  chloro- 
form mask  can  be  kept  at  a  dis- 
tance and,  consequently,  that  the 
anesthetist  does  not  stand  at  all 
in  the  way  of  the  surgeon;  2, 
that  the  flowing  in  and  aspira- 
tion of  blood  are  completely  pre- 
vented. Numerous  operators 
vdice  very  high  praises  of  Kuhn' 8 
method,  and  in  our  clinic  it  has 
proven  of  service  in  adults.  Only 
a  tube  for  men  and  a  smaller  one 
for  women  are  necessary.  We  do  not  perform  intubation  according  to 
Kuhn'a  method  in  children. 

Operation  for  Deviation  of 
the  Natal  Septum  (Fig.  305). 

Koenig  has  devised  for  this 
affection  an  operation  which  al- 
lows, with  great  safety  and  no 
visible  scar,  to  straighten  the 
septum  and  to  make  the  nostrils 
free  for  breathing.  It  is  essen: 
tially  a  chiselling  off  of  the 
spine  of  the  nose  and  a  blunt 
straightening  of  the  septum. 
This  operation  can  very  well  be 
undertaken  under  local  anesthe- 
sia. The  upper  lip  is  strongly 
drawn  upward  and  a  0.5%  novo- 
cain-suprarenin  solution  is  in- 
jected along  the  line  of  reflexion 
of  the  mucosa  of  the  upper  lip 
over  the  upper  jaw,  and  farther 
under  the  mucosa  on  both  sides 
Incision  of  the  mucosa  over  the 
septum   hibii    superioris  and    the    spine;  on  the  latter,   the  incision 


of  the  nasal  spine  and  of  the  vomer. 
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divides  also  the  periosteum.  With  a  thin  elevator,  the  periosteum  is  lifted 
away  from  the  spine  and  from  the  anterior  part  of  the  vomer,  and  shoved 
upward  together  with  the  mucosa;  the  same  is  done  on  the  cartilajfinous 
septum  without  opening  the  nasal  cavity.  With  a  narrow  cutting  chisel, 
or  a  pair  of  very  pointed,  but 
strong,  scissors,  the  cartilaginous 
nasal  septum  and  the  vomer  are  cut 
along  a  line  indicated  by  short 
dashes  in  Fig.  305.  The  broad 
base  of  the  nasal  spine  on  the  al- 
veolar process  is  sawed  with  a  nar- 
row hand-saw.  The  wedge  of  bone 
and  cartilage  is  removed  (Fig.  305, 
imitated  from  an  illustration  of 
Coming's  hand-book,  showa  the 
anatomical  relations;  the  dotted  line 
shows  the  lines  along  which  the 
bone  and  the  cartilaginous  septum 
are  cut) . 
The  straightening  of  the  septum  can  be  effected  with  the  index  or 
small  finger  introduced  into  the  nostrils  or  with  a  strong  dressing  for- 
ceps, the  blades  of  which  are  covered  with  pieces  of  rubber  tubing. 
After  this,  both  nares  are  packed  tight  with  iodoform  gauze.  The  wound 
in  the  mouth  is  left  alone.  Especially  during 
the  first  days,  frequent  rinsing  of  the  mouth 
with  hydrogen  peroxide.  The  packing  is  re- 
moved after  four  or  five  days  and  followed  by 
the  insertion  of  small  tubes  of  celluloid  espe- 
cially made  to  order  for  each  case,  split  in  their 
intranasal  part,  provided  anteriorly  with  an 
oblique  ring,  and  pressing  as  a  spring  on  the 

septum  and  on  the  lateral  wall.     These  tubes  must  be  worn  at  least  four 
to  six  weeks  (Fig.  306,  for  the  left  nostril). 
Upturning  of  the  Nose. 

In  order  to  expose  the  septum  and  both  nasal  iossds,  Koenig  makes, 
with  straight  scissors  introduced  obliquely  in  both  nostrils,  an  incision 
dividing  the  septum  at  its  origin  on  the  back  of  the  nose  and  upward 
along  the  vomer.  If,  in  addition,  we  make  an  incision  circumscribing 
both  al»  of  the  nose,  we  can  hinge  the  whole  cutaneous  and  cartilaginous 
part  of  the  nose  upward  and  examine  the  back  part  of  the  cavity  most 
thoroughly  with  a  finger  introduced  within  or  with  the  help  of  a  mirror. 
Two  fine  silk  stitches  readjust  the  septum  and  the  nose  tip,  a  large  num- 
ber approximate  the  alae  to  the  cheeks  and  the  upper  lip.  Packing  with  . 
iodoform  gauze  is  advisable  during  the  first  days.  The  scar  fades  and 
leaves  no  trace. 

To  expose  only  one-half  of  the  cavity,  we  make  a  paramedian  incision 


Fig.  306. 
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upward  to  the  nasal  bone  with  a  bistoury  introduced  into  the  nose,  and 
with  which  we  divide  from  within  outward  the  mucosa,  cartilage,  and 
skin.  The  flap  thus  formed  is  strongly  drawn  outward  by  means  of  sharp 
hooks:  the  finger  introduced  into  the  cavity  can  still  widen  considerably 
the  passage.  Careful  suture.  The  external  scar  is  hardly  visible  later. 
Kocher  carries  this  Koenig  incision  farther  upward  to  the  base  of  the  nasal 
bone,  and  there  curves  it  outward  in  the  eyebrow.  The  bony  union  of  both 
nasal  bones  is  divided  vertically  upward  with  a  narrow  chisel,  and,  above, 
the  suture  between  the  os  narium  and  the  frontal  spine  is  transversely 
rongeured  through.  If,  now,  we  still  cut  through  with  a  chisel  the  supe- 
rior frontal  process  in  the  direction  of  the  orbit  and  along  an  oblique 
upward  line,  we  can  fold  outward  the  whole  half  of  the  nose  and  gain 
access  to  the  ethnoid  and  lachrymal  bone.  We  may  now  inspect  and, 
if  need  be,  remove,  laterally,  the  wall  of  the  antrum  Highmori  with  the 
turbinate  bones,  above,  the  wall  of  the  frontal  sinus,  in  the  median  line, 
the  nasal  septum. 

Opening  of  the  Maxillary  Sinus  iAntram  Highmori)  Through  the 
Natal  Cavity,  after  Friedrich. 

In  severe  chronic  empyema  of  the  sinus,  Friedrich  establishes  a  large 
opening  leading  into  the  cavity  of  the  upper  maxilla  and  a  permanent 
communication  between  the  latter 
and  the  nasal  fossa,  by  removing 
the  internal  wall  down  to  the  floor 
of  the  sinus,,  and  all  projecting  bony 
eminences.  The  ala  of  the  nose  is 
circumscribed  by  an  incision  2  cm. 
long  (see  Pig.  307),  from  the  mid- 
dle of  which  an  incision  1  to  1.5 
cm.  long  is  drawn  downward  and 
outward.  Then  the  anterior  sur- 
face of  the  maxillary  bone  is  ex- 
posed on  1  or  2  square  centimetres 
laterally  of  the  infraorbital  foramen 
and  about  1  square  centimetre  of 
the  bony  wall  is  excised  by  means 
of  a  chisel,  so  that  the  inside  of  the 
sinus  may  be  well  examined.  The 
sinus  may  also  very  well  be  opened 
with  a  Doyen  spherical  fraise,  the 
opening  being  later  enlarged  with 
a  haer  rongeur.  Then  the  nasal 
wall  of  the  sinus  is  destroyed  with 
a  small  rongeur  or  with  a  chisel  for 
a  height  of  1  cm.,  and  for  a  distance  of  3  cm.  backward;  eventually  the 
lower  turbinate  is  also  removed  so  that  there  remains  absolutely  no  divid- 
ing septum  between  the  floor  of  the  nasal  fossa  and  that  of  the  antrunu 
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The  maxillary  cavity  is  thoroughly  cleaned,  the  diseased  mucous 
membrane  scraped  out.  We  can  invert  a  mucous  flap  from  the  nasal 
fossa  into  the  antrum  to  line  the  bony  walls  of  the  latter;  but  these  oper- 
ations, as  advocated  by  others,  are  unnecessarily  complicated.  Iodoform 
gauze  packing  for  three  days.  The  packing  strips  are  brought  out 
through  the  nostril.  Complete  suture  of  the  skin.  A  few  irrigations  of 
the  antrum.  The  communication  between  the  latter  and  the  nasal  fossa 
is  permanent. 

Opening  of  the  Maxillary  Sinus  Throwigh  the  Canine  Fossa  (De- 
sault'Kuster). 

Under  local  anesthesia,  incision  in  the  fold  of  reflexion  of  the  mucosa 
toward  the  alveolar  process  of  the  upper  jaw,  about  3  or  4  cm.  long, 
parallel  with  the  dental  arch,  and  dividing  the  mucosa  and  periosteum. 
The  periosteum-mucosa-and-cheek  flap  is  pushed  upward  until  the  canine 
fossa  can  be  well  palpated.  Chiselling  of  a  hole  1  to  1.5  cm.  wide  and 
more  than  1  cm.  long  in  the  anterior  wall,  above  the  canine  tooth  and 
both  first  molars.  The  mucosa  of  the  sinus  is  in  most  cases  opened  at 
the  same  time.  Exploration  of  the  antrum  with  the  finger,  removal  of 
the  pus,  eventually  of  polyps  and  sequestra.  Iodoform  gauze  packing 
for  a  few  days,  especially  if  there  be  much  bleeding.  Then  daily  irriga- 
tions with  hydrogen  peroxide.  The  opening  must  be  kept  patent  for  a 
long  time. 

Trephining  of  the  Frontal  Sinus  (see  also  above  Upturning  of  the 
Nose). 

The  frontal  sinus  may  be  reached  through  two  different  ways,  either 
naturally  through  the  nose,  where  the  nasal  duct  after  following  a  verti- 
cal or  oblique  forward  course  ends  on  the  lateral  wall  of  the  cavity,  in 
the  most  anterior  and  highest  part  of  the  middle  meatus,  under  the  most 
anterior  part  of  the  turbinate  bone ;  or  operatively,  through  its  anterior 
and  lower  walls,  above  and  below  the  inner  segment  of  the  upper  orbital 
ridge.  The  size  of  the  frontal  sinus  varies  extremely.  Sometimes  the 
cavity  corresponds  only  to  the  inner  part  of  the  orbit,  sometimes  it 
reaches  to  the  outer  orbital  edge  and,  behind,  to  the  posterior  limit  of 
the  orbit.  In  a  majority  of  cases,  the  two  frontal  sinuses  are  also  asym- 
metrical. Below,  the  ethmoidal  cells,  whose  walls  are  still  partly  formed 
by  the  frontal  bone;  and  behind,  the  sphenoidal  sinus,  open  into  the 
frontal  sinus.  In  each  case,  after  chiselling  the  anterior  wall,  we  must 
ascertain  the  depth  of  the  frontal  sinus  by  careful  probing  (the  tip  of 
the  probe  must  not  be  too  pointed,  so  as  not  to  perforate  the  often  very 
thin  upper  wall  of  the  sinus  and  thus  fall  into  the  skull  cavity).  Catarrh, 
retention  of  secretion,  suppurations,  post-traumatic  fistulae,  polyps,  osteo- 
mata,  carcinomata,  and  other  tumors  furnish  indications  to  open  the 
sinus. 

Simple  opening  of  the  sinus,  as  is  done  tentatively  in  acute  catarrh, 
or  to  diagnose  between  catarrhal  conditions  and  tumors,  is  effected 
through  an  incision  drawn  over  the  internal  part  of  the  eyebrow.    On  ac- 


OPERATIONS  ON  THE  HEAD  297 

count  of  the  disfigurement  it  entails,  Killian  does  not  shave  the  eyebrow, 
as  a  sufficient  asepsis  may  be  obtained  without  doing  it.  The  incision,  a 
few  centimetres  long,  runs  along  a  curved  line  toward  the  root  of  the  nose 
through  the  skin  and  periosteum.  The  periosteum  above  the  supraorbi- 
tal edge  is  pushed  inward  and  upward  up  to  the  middle  line.  The  sinus 
is  opened  by  means  of  a  Doyen  fraise  or  of  a  chisel  1  cm.  above  the  root 
of  the  nose  and  1  cm.  externally  of  the  middle  line.  If  need  be,  the  hole 
is  enlarged  with  a  Lv£r  rongeur.  Catheterization  of  the  nasal  duct  must 
never  be  forgotten.  Eventually  the  duct  must  be  widened  considerably 
with  a  blunt  instrument — for  instance,  a  dressing  forceps.  Drainage 
through  the  nose.  Kocher  uses  to  this  purpose  a  thin-walled  drainage- 
tube  of  very  soft  silver,  whose  upper  extremity  is  slit  in  three  places  and 
slightly  everted  outward,  which  is  introduced  from  above  into  the  nose. 
Suture  of  the  external  wound.  The  tube  is  removed  through  the  nose : 
the  soft  silver  tube  offers  only  a  very  slight  resistance. 

Opening  of  the  Frontal  Sinus  after  Kocher  (Kuhnt). — In  medium 
or  very  severe  suppurative  conditions  with  lesions  of  the  walls,  the 
above-described  trephining  and  drainage  of  the  frontal  sinus  does  not 
bring  about  a  cure.  Then  make  through  the  eyebrow  an  incision  simi- 
lar to  that  described  above,  and  add  a  vertical  median  incision  upward 
(which,  according  to  Kuhnt,  is  not  necessary).  Opening  of  the  sinus, 
probing  to  ascertain  its  depth,  removal  with  Lucres  rongeur  of  the  whole 
anterior  wall  down  to  the  supraorbital  crest  Scraping  out  of  the  mucosa 
with  a  sharp  spoon,  widening  of  the  nasal  duct;  drainage  of  the  latter  is 
not  necessaty  as  the  method  aims  at  obliterating  the  frontal  sinus  and 
reaches  its  goal  with  great  certainty.  Iodoform  gauze  packing  for  a  few 
days.  The  strips  of  gauze  are  made  to  come  out  through  the  inner  angle 
of  the  wound.  Complete  suture  of  all  the  rest  of  the  incision.  The  skin- 
and-periosteum  flap  must  be  applied  tightly  on  the  posterior  wall  of  the 
frontal  sinus  and  adhere  to  it.  Often  there  results  a  disfigurement  on 
account  of  the  skin  being  strongly  drawn  toward  the  depth  in  the  region 
of  the  excised  anterior  wall  of  the  sinus.  Oftentimes  it  has  been  tried 
to  bring  back  the  skin  on  a  level  with  the  surrounding  parts  by  injections 
of  paraffin. 

Killian' 8  Operation  (removal  of  the  anterior  and  lower  walls  of  the 
sinus  with  resection  of  the  frontal  process  of  the  upper  maxillary  bone. 
Fig.  308). 

General  anesthesia.  Packing  of  the  posterior  part  of  the  nasal  fossae. 
Skin  and  periosteum  incision  through  the  whole  length  of  the  eyebrow 
to  the  root  of  the  nose,  0.5  cm.  below  the  margo  supraorbi talis,  and  curv- 
ing downward  on  the  middle  of  the  frontal  process  to  run  over  the  nasal 
bone  down  to  the  lower  end  of  the  latter  (see  Fig.  307,  the  dotted  line 
on  the  right  eye).  Raising  of  the  cutaneo-periosteal  covering  from  the 
frontal  bone  upward  and  inward.  Drilling  of  a  hole  in  the  frontal  sinus 
in  the  ordinary  manner,  probing  to  ascertain  the  dimensions  of  the  fron- 
tal sinus,  removal  of  the  whole  anterior  wall  of  the  latter  and  of  all  exist- 
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ins  bony  prominences  and  septa,  by  means  of  a  chisel  or  of  a  cutting  bone 
forceps.  Scraping  out  of  the  mucosa.  With  the  help  of  a  good  natural 
or  artificial  illumination,  the  surgeon  standing  at  the  head  of  the  patient, 
removes  through  the  frontal  sinus,  with  a  chisel  or  bone  cutting  forceps, 
the  orbital  wall  of  the  latter.  During  this  step  we  must  not  attempt  to 
detach  the  periosteum  of  the  internal  part  of  said  wall  so  as  not  to  injure 

the  trochlea  which  will 
be  found  about  0.5  cm. 
internal  to  the  supra- 
orbital foramen.  Thus 
the  whole  supraorbital 
plate  is  preserved  inte- 
grally. To  resect  the 
frontal  process  of  the 
superior  maxillarj'  bon^ 
we  detach  the  periosteum 
from  the  nasal  bone  and 
the  frontal  process,  and 
excise  the  latter,  conse- 
quently below  the  suprsr 
orbital  plate,  without 
injuring  the  nasal  mu- 
cosa. This  step  of  the 
t*:.:.  AK  operation    serves   esaen- 

tially  to  mider  the  etb- 
nx^idal  <.vlls  accessible.  Now  the  whole  cavit>-  of  the  frontal  sinus  is 
ensy  to  inst>ect :  oventually.  also,  we  ma>'  oivn.  scrape,  or  rongeur  ftway 
the  w^IIs  of  tho  oihn\oivta]  cells  and  the  sphenoidal  sinus,  thus  uniriwg 
frv«nt»l.  n.<i^.  othmoidal.  and  sphenoidal  cavtti^  into  one  singie  fausge 
cavity.  The  anterior  i>art  of  the  mividie  t-rbinate  is  also  mnoved.  so 
as  to  frw  i.vm(»letel,v  tho  n.isal  duct.  Powderirig  of  the  whole  wtHmd 
with  lAloform.  riaoi!'^  of  a  drain  acrvw*  the  whole  wound  from  die 
oatenmnst  part  of  the  frv^ntal  sinus  to  the  r.i.v::r:"..  Rscking.  also  coniinif 
ot,::  thrv^^irb  the  nvv^\  O-.^inviete  sv.t;;rv  o:  the  skir_  Ir.s:itIadoD  of  atto- 
p;:i  in  the  e,vo,  l>fes#i!^.  .\*xvrd;r,>:  to  the  abii-dir.ce  of  secretioii, 
ih**  l^ackii'jr  and  tho  drair-s  .nre  left  ir.  p^aoe  :Vr  a  :ew  iia>-s^  The  ptA- 
isxj:  :s  r»':v.o\tM  -irst  after  I  v^r  >  vi-vj-*.  thor.  tho  tuts?  later. 

.VC."-.;-*  v:s<xl  tho  vr^'*t'r\*v;  ivrcter.  of  ::,-isa",  r.-.uo\>us  =ien:br*ne  to  turn 


S.  R«iectu>n  of  the  Upper  MaxiZkry  Btene 


Tho  uv'jVr  ;a».  '..>:v:htT  w:; 
hT:;d;ho  h.-4;v.  ■!%*'*:(•.  hssiwo  a 

five::*",  ivr.o*.  o\u-r-.;i'"o>.  :h'.v;; 


■  -AiAtivc  A— c-  «>,:-:>.  cv«aptetes  be- 
:%---.i^  ■■■:<:t"a::^.  v.-:;-.  the  upper  jaw 
;■:;-,"•,;,*  ■■:*.>.•¥¥&  V. -:h  :  he  nasal  and 
^  ,;>;■■■"■'*-■'■■  V"V«s^  w::h  the  e 
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behind,  with  the  sphenoid.  It  encloses  within  its  body  a  cavity,  the  max- 
illary sinus  (antrum  Highmori).  Tumors  generally  originate  within 
said  cavity  and  furnish  the  most  frequent  indications  for  resection  of 
the  bone.  .Sometimes  partial  resections  may  suffice,  but  they  are  always 
atypical  operations;  and  frequently  after  them  removal  of  the  remainder 
of  the  bone  becomes  imperative;  so  I  shall  speak  here  only  of  total  resec- 
tion. The  chief  dangers  of  resection  are  bleeding  and  aspiration  of  blood. 
Bleeding  can  be  considerably  reduced  by  preliminary  ligation  of  the  ex- 
ternal carotid.  Fritz  Koenig  recommends  to  ligate  the  artery  above  the 
origin  of  the  superior  thyroid  artery,  so  as  to  preserve  the  collateral 
circle  through  the  inferior  thyroid  artery.  The  carotid  ligation  affords 
an  opportunity  to  clean  out  at  the  same  time  the  regional  lymphatic 
glands  below  the  angle  of  the  jaw  and  along  the  anterior  border  of  the 
sterno-cleido-mastoid  muscle.  Decreased  bleeding  lessens  the  danger 
of  aspiration.  Ligation  of  the  common  carotid  must  be  avoided  as  much 
as  possible,  especially  in  elderly  indi- 
viduals, on  account  of  the  danger  of 
progressive  thrombosis  and  paralysis 
of  one  side  of  the  body.  Anyway,  we 
can  resort  to  temporary  ligation  (see 
pp.  95  and  102).  The  means  to  avoid 
aspiration  of  blood  and  mucus  have  al- 
ready been  studied  all  together  (page 
291,  and  following).  Many  operate  on 
the  patient  half  anesthetized  and  have 
obtained  good  results  (Koenig-Braun) . 
The  patient  assumes  an  almost  vertical 
sitting  position  which  decreases  consid- 
erably venous  bleeding.  Only  in  case 
of  threatened  brain  anemia  is  the  patient 
brought  to  the  horizontal  position. 
Kuhn's  peroral  intubation  has  also  been 
found  of  service  in  resections  of  the 


Fig.  309. 


upper  jaw. 

Personally,   we  always  select  Dief- 
fenbach's  incision  as  modified  by  Weber. 

Said  incision  (see  Fig.  S09)  begins  on  the  lateral  limit  of  the  nasal 
bone  of  the  diseased  side,  runs  downward  along  the  limit  between  the 
nose  and  cheek,  circumscribes  the  ala  of  the  nose  to  the  filtrum  and  along 
the  latter  divides  downward  the  upper  lip  on  the  diseased  side.  Perpen- 
dicularly to  this  line  a  second  is  drawn  along  the  infraorbital  ridge  (see 
in  Fig.  309,  the  black  line) .  Owing  to  the  danger  of  gangrene  of  the 
upper  and  inner  point  of  the  flap,  Koenig  made  in  most  cases  an  incision 
running  a  little  below  and  slightly  obliquely  outward  and  downward  (see 
in  Fig.  309,  the  dotted  line).  This  incision  is  essentially  the  same  as 
Kocher's.    Of  late  Kocher  seems  to  carry  out  the  whole  operation  through 
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Weber's  first  incision  and  to  dispense  with  the  horizontal  incision.  The 
nose  is  detached  from  the  apertuia  pyriformis;  in  other  places,  the  in- 
cision is  carried  down  to  the  bone,  and  the  periosteum,  together  with  the 
soft  parts,  is  lifted  away  by  means  of  an  elevator.  Are  the  soft  parts 
diseased,  then  of  course  they  are  also  included  within  the  incision.  The 
detachment  is  pushed  upward  to  the  orbit,  and  the  contents  of  the  latter 


Fig.  311. 


are  also  detached  by  blunt  dissection,  care  being  taken  not  to  dilacerate 
the  orbital  periosteum.  The  whole  canine  fossa  up  to  the  malar  bone  is 
dissected  free  outward  and  downward,  after  incision  of  the  mucosa  of 
the  upper  lip  along  the  line  of  reflexion  on  the  alveolar  process.  On  the 
malar  bone,  we  have  to  divide  the  most  anterior  insertions  of  the  masse- 
ter  till  the  infratemporal  fossa  is  ex- 
posed. Complete  hemostasis.  The  skin- 
periosteum-bone  fUip  is  wrapped  in  a 
sterile  gauze  compress  and  drawn  out- 
ward and  downward  Now  the  bony 
connections  on  the  external  and  posterior 
sides  of  the  bone  are  divided,  either  at 
the  limit  between  the  malar  and  maxil-  . 
lary  bones  or  in  case  of  advanced  tu- 
mors after  removal  of  the  major  part 
of  the  malar  bone  in  the  region  of  the 
frontoaphenoidal  and  zygomatic  pro- 
cesses of  the  latter  The  parts  to  be 
removed  are  indicated  by  dotted  lines  in 
Figs.  310  and  312,  the  dotted  line  is  transversal  on  the  maxilia.  vertical 
on  the  malar  bone.  In  order  to  sever  the  bony  connections,  a  Gigli  saw 
is  introduced  by  means  of  a  Deschamp  needle  (see  Fig.  313)  carried  flat 


Pig  312 
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along  the  floor  of  the  orbit  and  through  the  infraorbital  fissure  around 
the  zygomatic  proceas  of  the  upper  maxillary.  The  orbital  contents  are 
retracted  upward  by  a  flat  copper  spatula  and  thus  protected  against  the 
saw.  The  frontosphenoidal  process  and  the  temporal  process  of  the 
malar  bone  may  also  very  well  be  cut  with  a  slender  cutting  chisel, 
the  former  in  the  direction  of  the  inferior  orbital  fissure,  the  latter 
simply  perpendicularly  to  its  axis.  Then  the  frontal  process  of  the  upper 
jaw  is  chiselled  from  in  front  backward.  During  this  stage  of  the  oper- 
ation, the  upper  part  of  the  nasal  foss£e  may  be  packed,  and  an  assistant 
may  shut  off  the  pharynx  from  the  buccal  cavity  by  means  of  a  sponge 
mounted  on  a  forceps.    When  necessary,  extraction  of  the  upper  median 


incisor  tooth  of  the  diseased  side  and,  if  it  is  certainly  healthy,  detach- 
ment of  the  muco-periosteal  lining  of  the  hard  palate  through  an  inci- 
sion made  near  the  gum  of  the  diseased  side.  Whenever  possible,  it  is 
always  an  advantage  to  separate  the  soft  from  the  hard  palate  and  to 
preserve  it. 

Kocher  oerforms  this  step  of  the  operation  with  the  red  hot  thermo- 
cautery, so  as  to  avoid  bleeding.  When  possible,  the  soft  palate  is  left 
connected  with  the  muco-periosteal  lining  of  the  hard.  Next  the  pala- 
tine process  and  the  alveolar  process  are  cut  through  close  to  the  nasal 
spine  and  the  vomer  by  means  of  a  chisel  or  a  fine  hand-saw  introduced 
through  the  nostril.  We  always  use  the  saw,  as  the  chisel  tends  too  much 
to  burst  the  bone.  Now  there  remain  chiefly  the  connections  with  both 
wings  of  the  sphenoid.  To  sever  these,  the  mouth  is  opened  widely  and 
a  cutting  chisel,  about  1  to  1.5  cm.  wide,  is  placed  directly  behind  the 
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wisdom  tooth,  consequently  behind  the  alveolar  process,  and  in  a  frontal 
plane,  and  a  few  blows  are  given  to  drive  it  vertically  upward  (see  Fig. 
312).  The  maxilla  is  grasped  in  a  bone  forceps,  one  blade  of  which  is  in- 
troduced in  the  nose,  while  the  other  applies  on  the  outer  surface  of  the 
bone  as  far  back  as  possible.  Too  much  pressure  must  not  be  exerted 
here,  as  otherwise  the  bone  would  easily  be  crushed. 

Often  we  may  succeed  in  extracting  the  maxilla  by  twisting  it  with  the 
hand;  the  thumb  is  introduced  in  the  nasal  fossa  and  the  other  fingers 
apply  on  the  outer  surface  of  the  bone.  The  fingers  are  previously 
wrapped  in  gauze  to  prevent  slipping.  This  tearing  out  and  twisting 
of  the  maxillary  bone  must  be  effected  as  rapidly  as  possible.  A  large 
gauze  pad  must  be  held  ready,  and  quickly  and  firmly  pressed  into  the 
large,  oftentimes  freely  bleeding,  cavity,  and  left  there  for  about  five 
minutes.  Then  it  is  carefully  removed  and  the  larger  spurting  vessels 
are  clamped  and  ligated.  The  large  cavity  is  firmly  packed  with  a  long 
iodoform  gauze  strip,  so  that  the  latter  may  be  later  removed  piecemeal 
through  the  nostril  or  the  mouth.  Packing  with  simple  sterile  gauze 
must  be  rejected,  as  the  accumulated  secretion  becomes  very  quickly  foul 
and  spreads  a  horrible  fetor,  while  iodoform  gauze  may  remain  therein 
for  weeks  without  developing  such  an  offensive  smell.  Iodoform  gauze 
also  minimizes  the  danger  of  erysipelas.  If  it  has  been  possible  to  pre- 
serve the  muco-periosteal  lining  of  the  hard  palate  and  the  soft  palate, 
unite  the  lateral  incisions  of  the  latter  with  the  mucosa  of  the  cheek  by 
catgut  sutures.  In  such  a  case,  the  iodoform  gauze  packing  must  come 
out  through  the  nostril.  Total  suture  of  the  skin.  The  packing  is  left 
ten  to  twelve  days.  The  patients  may  get  up  early  as  soon  as  they  have 
overcome  the  effects  of  anesthesia.  From  time  to  time,  pieces  of  the 
packing  are  drawn  out  and  cut  away.  During  the  first  days  after  the 
operiation,  feeding  by  means  of  a  stomach-tube;  later,  with  liquids  and 
pulpy  cooked  food.  The  buccal  cavity  is  frequently  rinsed  with  weak 
hydrogen  peroxide  solutions. 

To  keep  at  its  normal  level  the  eye  which  has  been  deprived  of  its 
support  by  the  removal  of  the  orbital  plate,  Fritz  Koenig  uses  a  muscular 
flap  taken  from  the  temporal  muscle.  If  the  maxilla  is  removed  together 
with  the  malar  bone,  we  see,  after  the  masseter  has  been  detached  from 
the  zygoma  and  retracted,  the  temporal  muscle  descending  along  the  outer 
limit  of  the  wound  cavity  toward  the  coronoid  process  into  which  it  is  in- 
serted by  a  long  tendon,  the  anterior  fibres  of  which  extend  almost  to  the 
lower  limit  of  the  ascending  ramus  of  the  lower  jaw.  Koenig  splits  a  por- 
tion of  muscle,  1.5  cm.  wide,  from  the  anterior  border  of  the  coronoid  pro- 
cess, chisels  off  the  latter  in  the  same  direction,  together  with  the  muscle 
inserted  into  it  and  also  the  part  of  the  ascending  ramus  into  which  fibres 
are  inserted,  reflects  this  muscle-tendon-bone  flap  toward  the  frontal 
process,  and  stitches  it  there  with  catgut  or  silk.  If  the  malar  bone  has 
been  preserved,  it  must  be  temporarily  resected  so  as  to  allow  access  to 
the  temporal  muscle.    This  flap  supports  the  eyeball  from  below. 
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A  prosthetic  appliance  to  close  the  communication  between  the  nasal 
and  buccal  cavities  must  not  be  applied  before  complete  cicatrization. 

Bilateral  Resection  of  the  Upper  Jaw. 

This  very  radical  operation  is  only  comparatively  seldom  performed. 
In  its  essentials,  the  technique  is  the  same  as  above.  Bilateral  Weber 
incision.  Section  of  the  ihalar  bone  and  of  the  frontal  process,  the  nasal 
bones  being  preserved.  In  two  cases,  Hildebrand  separated  the  hard 
from  the  soft  palate  and  spared  the  latter.  Separation  of  both  upper 
jaws  from  the  pterygoid  processes,  through  the  mouth,  as  described 
before,  and  extraction  of  both  maxillae  en  masse,  whatever  remain- 
ing bony  connections  being  divided  with  strong  and  pointed  Kocher  re- 
section scissors.  Hemostasis.  Packing.  Hildebrand  reconstructed  im- 
mediately a  roof  for  the  mouth  with  the  soft  palate  and  both  jugal 
mucosae,  so  that  the  nasal  and  buccal  cavities  did  not  communicate,  and 
obtained  in  both  his  cases  a  good  functional  and  esthetic  result. 

Temporary  Resection  of  the  Maxilla  after  Langenheck  {Kocher). 

Langenbeck^s  original  incision  was  too  mutilating,  and  has  been  modi- 
fied by  Kocher  in  the  following  way  so  as  to  conform  with  his  precept 
to  spare  all  the  branches  of  the  facial  nerve,  in  order  to  preserve  the 
mimic  expression  of  the  face :  Splitting  of  the  nose  near  the  median 
line  through  the  nostril,  and  between  the  nasal  bones  up  to  the  glabella. 
Incision  in  the  lateral  angle  of  the  eye  over  the  orbital  (f rontosphenoidal) 
process  of  the  malar  bone,  and  section  of  the  bone  with  a  chisel  in  the 
direction  of  the  infraorbital  fissure,  after  the  periosteum  has  been  de- 
tached from  it.  Through  the  same  incision,  the  edge  of  the  wound  being 
drawn  outward  and  downward,  chiselling  of  the  basis  of  the  temporal 
process  of  the  malar  bone.  Through  the  nasal  cavity,  detachment  with  a 
chisel  of  the  upper  jaw  at  the  level  of  the  base  of  the  maxillary  sinus,  above 
the  alveolar  process,  without  injuring  the  buccal  mucosa.  Then  splitting 
of  the  soft  parts  by  a  transversal  incision  running  from  the  base  of  the 
nasal  process  of  the  frontal  bone  to  the  inner  angle  of  the  eye.  The  soft 
parts  are  lifted  outward.  A  small  rongeur  cuts  its  way  through  the  base 
of  the  nasal  bone,  the  lachrymal  and  the  ethmoid  in  a  direction  oblique  out- 
ward, backward,  and  downward,  to  the  floor  of  the  orbit  which  is  also 
divided.  The  whole  flap,  including  the  upper  and  anterior  part  of  the 
maxilla,  the  malar,  the  anterior  part  of  the  base  of  the  orbit,  the  nasal 
bone  and  the  soft  parts  covering  them,  is  hinged  outward,  and  thereby 
the  posterior  and  upper  part  of  the  nasal  fossae,  the  sphenoid,  the  maxil- 
lary sinus  and  the  orbit  are  all  exposed,  and  tumors  originating  therein, 
or  encroaching  from  another  structure  (especially  naso-pharyngeal 
fibroids,  so  much  feared  on  account  of  their  vascularity)  become  acces- 
sible. Strong  bleeding  during  the  different  phases  of  the  operation  must 
be  checked  by  packing,  the  flowing  of  blood  into  the  trachea  by  occlusion 
of  the  choanae,  Trendelenburg's  tampon  cannula  or  iiTt^^n's  peroral  intuba- 
tion with  packing  of  the  pharyngeal  cavity.  After  the  tumors  have  been 
removed,  and  hemostasis  is  completed  (if  need  be,  by  means  of  perma- 
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nent  packing,  the  strip  being  brought  out  through  the  nostril),  the  max- 
illa is  put  again  in  position  and  the  skin  totally  sutured. 

Temporary  Diwjoining  of  Both  Maxillae  after  Kocher. 

In  order  to  gain  a  still  wider  access  to  both  sides  of  the  above-men- 
tioned cavities.  Kocher  performed  the  following  operations;  The  upper 
lip  is  split  near  the  filtrum  up  to  the  nostril,  and  also  the  mucosa  of  the 
cheek  to  the  first  molar  along  the  line  of  reflexion  from  the  lip  and  cheek 
over  the  maxillary  bone.  Raising  of  the  periosteum  on  both  sides  to  the 
posterior  border  of  the  maxilla.  Chiselling  of  the  deepest  situated  part  of 
the  anterior  wall  of  the  maxillary  sinus  with  a  narrow  chisel,  preferably 
one  provided  on  one  side  with  a  blunt  shoulder,  as  Doyen's  chisel  (see 
Fig.  271,  on  page  260). 

By  leaving  in  place  the  elevators  used  to  raise  the  mucosa  and  the 
periosteum,  we  protect  the  mucosa  against  injury  during  this  step  of  the 
operation.  With  a  broad  and  thin  chisel,  both  halves  of  the  upper  jaw, 
together  with  their  muco-periosteal  covering,  are  separated  till  the  soft 
palate  is  reached;  the  latter  is  split  exactly  in  the  middle  line.  Both 
halves  of  the  maxilla  are  drawn  apart  by 
means  of  strong  sharp  hooks,  the  mucosa  of 
the  floor  of  the  nasal  fossse  is  divided  and 
the  vomer  is  cut  from  in  front  backward 
with  a  cutting  bone  forceps,  or  simply  power- 
ful scissors.  Removal  of  as  much  of  the  tur- 
binates as  necessary.  Kocher  advocates  this 
operation  in  all  largely  implanted  and  highly 
vascular  tumors.  It  has  been  tried  by  many 
other  surgeons  besides  Kocher,  and  has  stood 
the  test  very  brilliantly.  Packing  of  the 
cavity;  the  strips  are  brought  out  through 
the  nose,  the  bone  reset  in  its  normal  posi- 
tion, the  soft  palate  and  the  mucosa  and  peri- 
osteum of  the  hard  are  completely  sutured. 
Kocher  ligates  preliminarily  both  external 
carotids;  temporary  ligation  of  both  common 
carotid  arteries  has  also  been  recommended. 

4.  Operations  for  Harelip  and  Cleft  Palate 

This  is  not  the  place  to  dwell  on  all  plastic 
methods  of  closure  of  harelip,  and  I  shall 
only  figure  briefly  a  few  of  the  best  known. 
General    anesthesia    is    not     indispensable, 
but  I  have  observed  that  a  few  drops  of 
chloroform  are  perfectly  well  borne,  even  by  small  infants.     The  opera- 
tion should  be  performed  as  early  as  possible,  even  during  the  first  days 
of  life  of  the  child.     The  latter  is  wrapped  in  a  broad  flannel  bandage  so 
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that  the  arms  are  firmly  applied  on  the  thorax.  A  nurse  holds  tue  baby 
on  her  lap.  The  operator  faces  her.  A  board,  shaped  almost  like  an  iron- 
ing board,  and  on  one  end  of  which  the  child  is  strapped  as  a  mummy, 
also  has  been  found  very  practical.    Fig.  314  shows  this  method  as  used  in 


Fig.  315. — Malgaigne's  method. 


a  h 

Fig.  ZIQ.—Nelaton' 8  method. 


/^V  Aj 


Fig.  Zll.—MxrauWa  method. 


Fig.  Z\%,—Ko€nig'8  method. 


Helferich's  clinic.  An  assistant  holds  from  behind  the  head  of  the  child, 
palms  laid  flat  on  the  lateral  parts  of  the  head  and  thumbs  on  the  fore- 
head. The  second  and  third  fingers  on  each  side  press  the  cheek  forward 
during  the  suture.  Whatever  ulcerations,  aphthae,  or  sores,  may  exist, 
must  be  cured  before  the  operation.  Washing  of  the  skin  with  soft  soap 
and  gauze.   Sponging  with  alcohol   Cleaning  of  the  mouth  with  absorbent 
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cotton  pledgets  moistened  with  saline  solution.  So  as  to  minimize  bleed- 
ing, harelip  clamps  are  used  (see  Fig.  328,  6,  about  extirpation  of  tumors 
of  the  lower  lip).    Wide  avivement,  especially  in  the  upper  angle  and  in 


Fig.  Sl9,—Hagedom*8  method. 


d  e 

Fig.  S20,— Petersen's  method. 


the  nostril;  none  of  the  red  surface  must  be  left  along  the  vertical  fis- 
sure. Then  the  one-half  of  the  vermilion  border  is  carefully  approxi- 
mated to  the  other.     The  lip  is  shaped  as  high  as  possible.     For  the 

suture,  place  one  or  two  relaxation  sutures  and 
stitch  the  rest  with  fine  silk.     The  sutures  go 
through  the  whole  thickness  of  the  lip  and 
take  exactly  the  posterior  mucous  membrane. 
When  the  threads  are  tied,  the  edges  of  the 
wound  are  carefully  brought  together  by  means 
of  a  fine  thumb  forceps.     As  dressing,  we  use 
a  small  strip  of  sterile,  not  iodoform,    gauze 
fastened  with  English  plaster.     Others  use  airol  paste.     Schleich's  pep- 
tonized paste,  which  forms  a  firmly  adherent  film,  but  washes  off  well  in 
warm  water,  has  also  rendered  us  good  service. 

The  chief  methods  are  the  following:  I  have  selected  the  illustrations 


Fig.  321. 
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from  Koenig's  text-book.  Fig.  315,  a,  b,  and  c,  show  Malgaigne's  method 
of  avivement  and  suture,  Fig.  316,  a  and  6,  that  of  Nilaton;  which  two,  of 
course,  apply  only  to  incomplete  harelip,  as  weii  as  Miraidt's  method  repre- 
sented in  Fig.  317,  a,  b,  and  c.  The  technique  most  frequently  used  by  us 
is  Koenig's.  In  Fig.  318,  a,  the  lines  show  the  way  ofmaking  the  incisions, 
in  318,  b,  the  arrows  show  the  direction  of  suturing.  Hagedomhas  modi- 
fied this  method  of  Koenig's,  but  his  procedure  is  rather  complicated  and 
difficult  to  understand  (see  Fig.  319,  a).  The  parts  of  the  lip  situated 
within  the  lines  of  incision  are  sacrificed.     The  figures  1,  2,  3,  4,  and  5, 


Fig.  322.— Koenig's  Method  in  Double  Harelip. 

and  1„  2„  3i,  4,,  and  5„  indicate  the  points  which  have  to  be  sutured  to- 
gether respectively.  Petersen's  method,  easy  to  understand  from  Fig. 
320,  a  to  e,  gives,  according  to  Pfister's  reports,  excellent  results.  In 
wide  fissures,  reunion  is  obtained  only  with  considerable  tension.  To 
relieve  the  latter,  relaxation  incisions  have  been  proposed,  but  these 
must  be  avoided  as  much  as  possible.  D^ffenback's  wavy  incision  circles 
both  nares  and  extends  from  the  upper  end  of  this  first  incision  more  or 


less  far  horizontally  through  the  cheek.  The  flaps  thus  formed  may  be, 
after  proper  avivement,  sutured  together  without  much  stretching. 

In  double  harelip  we  always  resort  to  Koenig's  method  (see  Fig.  322, 
a  to  c).  The  mucous  lining  of  the  intermaxillary  bone  is  completely 
sacrificed  and  the  lateral  parts  of  the  upper  lip  are  freshened  as  in  simple 
harelip.  Relaxation  incisions  have  been  particularly  frequently  used  in 
these  cases.  Hagedom's  modification  of  Koenig's  method  is  extremely 
complicated,  and  does  not  give  results  perceptibly  better. 

In  cases  of  a  complete  harelip  on  one  side  accompanied  by  an  incomplete 
on  the  other  side,  the  alveolar  process  of  the  incompletely  fissured  side 
projecting  strongly  together  with  the  intermaxillary  bone  creates  great 
difficulties;  as  well  as  the  marked  prominence  of  the  tatter  bone  in  hi- 
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lateral  harelip.  Maybe  such  irresrularities  might  be  smoothed  by  den- 
tists with  the  help  of  orthodontic  measures,  but  this  cannot  be  well 
done  at  all  in  young  children.  In  case  of  a  sharply  projecting  alveolar 
process  on  one  side,  we  chisel  it  obliquely  from  in  front  and  below 
upward  and  backward,  as  shown  in  Fig.  323,  so  that  there  remains  a 
little  more  on  the  back  aspect  of  this  middle  fragment  than  in  front;  and, 
next,  we  force  back  this  middle  segment  to  the  level  of  the  alveolar  pro- 
cess of  the  other  side  by  pressing  strongly  on  it  with  the  thumbs.  The 
slight  incision  in  the  mucous  membrane  is  closed  with  2  or  3  catgut 
stitches.  If  the  intermaxillary  bone  springs  much  forward,  some  authors 
advise  to  excise  it  entirely.     But  as  doing  this  entails  at  least  the  loss  of 


Fig.  324. 

the  middle  incisors,  such  a  procedure  must  be  rejected.  We  set  back 
the  intermaxillary  bone  in  the  manner  represented  on  Fig.  324,  by  split- 
ting longitudinally  the  mucosa  and  the  periosteum  at  the  crossing  point 
of  the  intermaxillary  and  the  vomer  (see  Fig.  324,  B),  lifting  away  on 
each  side  the  muco-periosteal  covering  of  the  vomer  by  means  of  a  fine 
elevator  and,  finally,  dividing  it  vertically  with  strong  straight  scissors  in 
the  direction  of  the  dotted  line  on  Fig.  324,  A.  By  pressing  strongly  on 
the  anterior  detached  part  of  the  vomer,  we  make  it  slide  backward  along- 
side the  posterior,  and  thus  bring  the  intermaxillary  to  the  level  of  the 
alveolar  process  (see  Fig.  324,  Ai  and  B,).  The  mucous  incision  is  closed 
again  with  one  or  two  catgut  stitches. 
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After-treatment.  It  has  been  my  experience  that  a  careful  mother 
takes  care  of  a  child  operated  on  for  harelip  just  as  well  as  hospital 
nurses  (if  not  better),  and  consequently  I  do  not  always  insist  upon  ad- 
mission into  a  hospital.  Of  course  the  person  attending  the  child  must 
refrain  from  all  meddling  with  the  wound,  but  on  the  other  hand,  has  to 
clean  skilfully  the  mouth  through  the  labial  conmiissure,  especially  after 
meals,  with  a  muslin  sponge  moistened  with  sterile  water  or  boracic  acid 
solution.  In  uncomplicated  harelip,  simply  let  the  child  take  the  breast 
or  the  nursing  bottle;  in  complicated  cases,  have  him  fed  just  a  little 
milk  at  a  time  by  means  of  a  very  small  spoon.  The  dressing  must  be 
changed  whenever  soaked  through.  A  dressing  with  ScfUeich^s  pepto- 
nized paste  must  be  carefully  removed  with  warm  sterile  water.  As  a 
rule,  I  leave  the  stitches  six  or  seven  days  in  place.  Sinuses  resulting 
from  the  cutting  through  of  separate  stitches  generally  heal  spontane- 
ously. 

Operations  for  Cleft  Palate. 

Writers  are  not  unanimous  about  the  time  when  we  ought  to  close 
cleft  palates.  Many  want  to  operate  very  early,  even  during  the  first 
months  of  life,  and  close  the  cleft  palate  before  the  generally  accompany- 
ing harelip.  But  the  majority  advise  to  close  first  the  harelip  and  to 
defer  the  operation  on  the  palate  at  least  till  the  third  or  fourth  year. 
Those  who  have  well  mastered  the  technique  may  operate  early ;  but  the 
beginner  will  better  wait  till 
the  child  has  grown  bigger.  In 
weakened  children,  the  operation 

has  always  some  material  risks,  fig.  325. -j  natural  size, 

on  account  of  the  loss  of  blood 

it  entails.  These  patients  must  at  first  be  made  more  robust.  Carious 
teeth  must  be  filled  or  extracted  before  the  operation,  and  ulcerative 
processes  within  the  mouth  and  pharynx  cured.  Langenbeck's  method 
leads  all  others  for  the  cure  of  cleft  palate.  Most  surgeons  operate  in 
one  sitting;  Wolff,  and  also  recently  HeiMng,  advise  a  two-step  proced- 
ure ;  the  first  step  being  the  formation  of  the  muco-periosteal  flap,  the 
second,  the  avivement  and  suture.  We  always  operate,  as  Rose  does, 
with  the  head  hanging  down  (see  above)  and  give  chloroform  with  a  mask 
till  the  beginning  of  the  operation  proper,  then  we  continue  the  anesthe- 
sia with  Junker's  or  Braun's  apparatus  with  adjustable  catheter.  Lavr 
genbeck's  very  complicated  and  very  carefully  devised  set  of  instruments 
is  not  absolutely  indispensable.  The  following  suffice  for  the  operations: 
Koenig-Hoser' s  mouth-gag  {Whitehead's  is  also  oftentimes  very  handy; 
while  Gutecfe's  specula  do  not  give  enough  room),  wide-bellied  scalpel  with 
a  solid  handle,  a  pointed  double-edged  scalpel  with  long  handle,  straight 
and  curved  elevators,  sharp  one-pointed  wound-hooks,  long  mouse-tooth 
thumb  forceps,  and  long  and  pointed  Cooper  scissors  curved  along  their 
edge;  narrow  and  pointed  needle-holder,  strongly  curved  semicircular 
needles,  eventually  Langetibeck's  suture  instrument,  as  modified  by  Lexer 
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(see  Fig.  325),  silk  or  silver  wire,  and  when  the  latter  is  used,  a  serre- 
ncBud. 

The  mouth  is  open  at  its  widest  by  the  mouth-gag.  Pass  through  the 
tongue  far  behind,  exactly  in  the  middle  line  and  from  the  upper  to  the 
lower  face,  a  strong  needle  carrying  a  thick  silk  thread,  and  let  the  anes- 
thetist draw  on  the  latter  to  bring  the  tongue  forward.  This  method  is 
far  less  bruising  than  all  others  which  use  hooking,  biting,  and  crushing 
forceps-like  inatrurnents  (Fig.  326,  on  the  left) .  For  lighting  the  cavity,  we 
may  use  a  frontal  mirror.  A  spatula  carrying  an  incandescent  lamp  on  its 
tip  is  very  handy :  at  the  same  time,  it  presses  the  tongue  downward  (that 


Fig.  326. 

is  upward,  when  the  head  is  hanging).  So  as  to  avoid  burning  the  tongue, 
this  spatula  from  time  to  time  must  be  allowed  to  cool.  Incision  with  the 
broad-bellied  scalpel  close  to  the  row  of  teeth,  beginning  on  the  posterior 
border  of  the  hard  palate  and  extending  forward  to  the  outer  border  of  the 
middle  incisor  tooth,  and  dividing  the  mucosa  and  periosteum  (see  Fig.  326 
on  the  left).  In  Fig.  326,  on  the  right,  the  position  of  this  line  on  a  lateral 
view  is  indicated  by  a  black  line.  When  this  has  been  done  on  both  sides, 
there  remains  in  the  middle  a  bridge  about  IJ  or  1  cm.  wide  containing 
the  incisor  artery,  the  chief  channel  of  blood-supply  of  the  flap.  The  in- 
cision reaches  everywhere  down  to  the  bone.  Then,  by  means  of  suitably 
curved  elevators  (Fig.  326,  on  the  left)  introduced  through  the  incision, 
the  muco-periosteal  tlap  is  detached  from  the  bone  (occasionally  also  from 
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the  vomer,  in  case  of  fusion  of  the  palate  with  the  latter)  until  the  flaps 
are  quite  loose.  This  detachment  must  be  very  careful  and  liberal,  espe- 
cially near  the  insertion  of  the  soft  into  the  hard  palate.  If,  now,  with 
a  thumb  forceps,  we  lift  the  flap  away  from  the  cleft,  we  can  easily  slip 
an  elevator  underneath  and  still  better  separate  the  soft  palate  from  the 
palate  process  of  the  upper  maxillary  bone.  Tenotomy  of  the  palate 
muscles  is  no  longer  performed  in  most  cases  nowadays.  In  case  of  very 
deep,  almost  sagittally  disposed,  bony  palates,  it  is  good  to  begin  by  split- 
ting the  mucous  membrane  together  with  the  periosteum  all  along  the 
cleft,  at  the  point  where  the  mouth  and  nasal  fossae  meet,  to  raise  it  away 
from  the  cleft,  and  then  only  to  make  the  lateral  incision  on  the  limit  of 
the  gum.  These  lateral  incisions  may  be  dispensed  with  only  very  sel- 
dom, in  case  of  very  wide  flaps  and  narrow  fissure.  Wolff  and  others 
end  here  the  first  step  of  the  operation  and  pack  loosely  the  lateral  in- 
cisions when  there  is  still  some  bleeding.  However,  such  packing  is  not 
indispensable.  Wolff  performs  the  second  step  after  four  or  five  days, 
others  after  eight  or  ten  days.  The  advantage  of  those  two-step  opera- 
tions is  claimed  to  be  that  the  child  may  recuperate  from  the  often  con- 
siderable loss  of  blood,  that  the  flap  itself  improves  in  condition,  and, 
owing  to  secondary  swelling,  acquires  more  volume,  and,  finally,  that 
during  the  second  step,  the  surgeon  will  be  hardly  hindered  at  all  by 
bleeding.  HeUnng  has  cured  without  iterative  operation  26  out  of  38 
patients  operated  on  by  the  two-step  method,  a  result  which  surpasses 
by  far  those  of  other  operators,  all  the  more  because  cases  with  fissures 
of  the  alveolar  process  are  also  included  and  many  of  the  patients 
were  quite  young  children.  In  the  second  stage  of  the  operation,  the 
flaps  are  avived  along  the  edges  of  the  cleft  by  means  of  the  double- 
edged  knife  (Langenbeck  used  to  do  that  freshening  first  and  cut  the 
flaps  only  after).  To  this  effect,  the  surgeon  seizes  the  edges  of  the  flap 
with  a  curved  mouse-tooth  thumb  forceps,  plunges  the  double-edged 
knife  in  about  the  middle  of  the  cleft,  and  freshens  very  widely  (follow- 
ing the  dotted  line  in  Fig.  326)  at  first  on  the  left  side  forward  to  the 
most  anterior  angle,  but  he  does  not  cut  off  here  the  strip  of  mucous 
membrane.  The  same  is  exactly  repeated  on  the  other  side  till  the 
anterior  angle  of  the  cleft  is  again  reached,  then  both  incisions  complete 
the  circle  around  the  latter,  so  that  the  detached  edges  of  both  sides  of 
the  flap  fall  in  one  piece:  thus  we  know  to  a  certainty  that  the  anterior 
angle  has  been  avived.  Then  both  edges  of  the  cleft  are  freshened  back- 
ward to  the  uvula.  The  surface  of  avivement  is  once  more  inspected 
and,  if  need  be,  broadened  in  places  with  the  knife  or  Cooper*8  pointed 
scissors.  As  suture  material  I  use  silk  or  silver  wire.  Catgut  is  unsafe, 
as  often  it  undergoes  resorption  extraordinarily  quickly.  I  have  the 
impression  that  silver  wire  holds  still  better  than  silk,  perhaps  on  ac- 
count of  the  antiseptic  action  undoubtedly  exerted  by  metallic  silver. 
Anyway  it  does  not  cut  through  as  easily  as  silk.  If  a  needle  holder  and 
needles  are  used,  it  is  best  to  thread  the  needles  double  and  to  transfix 
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the  edges  of  the  flap  from  the  nasal  cavity  toward  the  mouth.  When 
using  Lemgenbeck's  suture  instrument  (Fig.  325),  we  pass  it  through  the 
flap  from  the  buccal  to  the  nasal  side,  push  the  needle  forward,  hook  the 
thread  with  the  help  oi  Langenbeck'8  thread  carrier  if  need  be,  and  with- 
draw the  instrument  through  the  stitch  canaL  After  the  thread  has 
been  introduced  through  both  edges  of  the  flap,  its  ends  are  provisorily 
clamped  together  in  an  hemostatic  clamp,  for  easy  identification  at  the 
time  of  tying.  Lartgenbeck  used  to  fasten  the  threads  of  a  row  one  after 
the  other  to  the  hooks  of  a  frontal  band  applied  on  the  forehead  of  the 
patient  by  means  of  a  rubber  bandage.  Some  surgeons  begin  tying  in  the 
anterior  angle,  others  near  the  uvula.  While  the  threads  are  beingtied. 
an  assistant  must  very  carefully  approximate  edge  to  edge  with  a  curved 
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mouse-tooth  thumb  forceps.  After  the  tying,  the  appearance  is  that  repre- 
sented in  Fig.  327.  So  as  to  unite  more  safely  the  uvula,  Wolff  inverts 
the  latter  in  the  buccal  cavity  by  pulling  on  the  farthest  back  thread  left 
long,  and  stitches  the  upper  surface  of  the  uvula  with  a  few  fine  silk 
threads  (see  Fig.  327,  right  drawing).  When  necessary,  the  lateral  in- 
cisions are  packed  with  iodofonn  gauze.  I  have  never  seen  one  of  those 
lateral  incisions  remain  irermanently  open,  even  in  cases  of  wide  commu- 
nication between  the  nose  and  mouth  cavities.  Healing  and  lining  by  an 
epidennic  layer  arising  from  the  surrounding  parts  occurs  surprisingly 
quickly.    The  packing  remains  only  three  to  four  days.    Feeding  is 
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effected  during  the  first  days  by  means  of  a  spoon,  and  only  liquids  are 
given.  Wiping  the  mouth  is  absolutely  forbidden,  at  most  the  secre- 
tions of  the  hollow  of  the  cheek  may  be  sponged  off  with  moist  com- 
presses or  flushed  away  with  hydrogen  peroxide.  The  stitches  are  re- 
moved after  five  to  seven  days.  When  the  cleft  is  very  wide  and  the 
palate  processes  very  low,  there  is  a  possibility  that  the  flaps  cannot  be 
brought  together  or  that  the  lateral  incisions  will  remain  open,  but  the 
latter  is  trifling.  Brophy  (of  Chicago)  has  proposed  in  such  cases  to 
bring  both  alveolar  processes  nearer  one  another  by  wiring  them  together 
with  silver  wire.  As  Brophy,  according  to  Wamekroos*  reports,  had 
operated  in  this  way  with  great  success  upon  several  hundred  children 
varying  in  age  from  six  months  to  three  years,  I  shall  briefly  explain 
here  his  method.  Brophy  has  thus  operated  on  211  cases'  without  a 
death.  He  begins  by  aviving  the  edges  of  the  cleft,  then  passes  two 
resistant  silver  wires  from  one  side  to  the  other  through  the  upper  jaw- 
bone above  the  alveolar  process  and  below  the  maxillary  sinus,  then 
presses  the  alveolar  processes  toward  one  another  with  his  fingers  or  a 
specially  constructed  forceps  until  the  edges  of  the  cleft  come  into  con- 
tact, and  knots  the  silver  wires  over  two  lead  plates  fitting  exactly  the 
buccal  aspect  of  the  alveolar  processes.  Only  in  absolutely  doubtful  cases 
does  he  divide  the  soft  upper  jaw-bone  (as  much  as  possible  subcutane- 
ously  above  the  alveolar  processes),  and  presses  then  those  processes 
toward  the  middle  line.  The  freshened  cleft  edges  are  then  stitched 
together  with  silk  threads  that  remain  five  or  six  days.  The  silver  wires 
are  not  removed  before  tWo  or  four  weeks.  Brophy  asserts  that  pres- 
sing together  the  alveolar  processes  does  not  do  any  harm,  because  in 
cases  of  widely  cleft  palates  the  upper  jaw  expands  laterally  more  than 
the  lower.  Besides,  it  is  an  easy  thing  for  modem  skilled  dentists  to 
widen  mechanically  a  child's  jaw  when  it  is  too  narrow.  On  account  of 
the  better  view  thus  afforded,  Brophy  operates  first  on  the  cleft  palate 
and  only  later  on  the  harelip. 

5.  Extirpation  of  Tumors  of  the  Lower  lip 

This  can  be  undertaken  very  easily  under  local  anesthesia. 

If  we  have  to  make  a  cuneiform  excision  of  the  lip,  we  may  succeed  with 
Hdckenbruch^s  circumferential  injection  around  the  operative  field,  as 
indicated  by  the  punctuated  line  on  Fig.  328,  a.  However,  in  malignant 
tumors,  in  which  the  glands  below  the  lower  jaw  and  those  lying  along 
the  anterior  and  posterior  borders  of  both  stemo-cleido-mastoid  muscles 
must  be  cleaned  out,  we  resort  to  conduction  anesthesia  by  injection  in 
the  larger  nerve  trunks.  The  lower  lip,  the  cheek,  and  the  neck  are  sup- 
plied by  the  third  branch  of  the  trigeminus,  the  lesser  and  greater  auric- 
ular nerves,  the  cutaneous  nerve  of  the  neck  and  the  supraclavicular 
nerves.  Conduction  in  these  nerves  is  interrupted  as  follows:  The  alveo- 
lar nerve  is  best  reached,  after  Braun^s  method,  in  the  region  where  it 
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enters  the  canal  of  the  lowo-  jair. 
The  Im^ola,  which  overfaanss  the 
canai  forward  and  inward,  may  be 
very  easily  felt  cfarocgh  the  month. 
Sli^htiy  above  the  level  of  the  lower 
molar,  we  find  a  distinct  bony  projec- 
ti<H!,  Introduce  the  needle  there,  oo 
the  inner  side  of  the  bone,  till  the 
point  reaches  the  bone  which  is  here 
directly  under  the  mncoas  membiaD& 
Keeping^  always  on  the  bone  and  in- 
jecting^crmtinuously.  posh  the  needle 
farther  toward  the  masticatory  sur- 
face of  the  lower  teeth  and  inject  id 
all  3  to  5  c.c.  of  a  1"^  novocain  supn- 
renin  solution  prepared  by  dissolving 
two  tablets  A  in  25  c.c  of  salt  sohi- 
tion  (see  page  17).  The  same  pro- 
cedure is  repeated  on  the  other  side, 
and  thereby  the  domain  of  the  lingoal 
and  mandibular  ner%'es  becomes  an- 
algetic in  from  ten  to  thirty  minutes. 
Both  auricular  nerves,  m^nus  and 
minor,  the  cutaneous  of  the  neck,  and 
the  supraclavicular  nerves,  emerge 
from  under  the  posterior  bonier  of  the 
stemo-cleido-mastoid  near  the  middle 
of  the  latter,  which  corresponds  about 
to  the  level  of  the  hyoid  bone.  If  we 
prick  here  underneath  the  fascia, 
avoiding  the  external  jugular  vein, 
and  if  we  inject  beneath  the  fascia 
about  5  c.c.  of  the  above  solution. and 
diffuse  this  solution  in  the  vicinity 
by  massage,  all  those  nerves  can  be 
anesthetized  at  the  same  time.  This, 
repeated  on  both  sides,  makes  insen- 
sitive a  territory  extending  from  the 
angle  of  the  mouth  downward  to  the 
clavicle,  but  the  anesthesia  does  not 
extend  to  the  deeper  parts  (see  farther 
down  about  Operations  on  the  neck). 
Wedge-shaped  incisions,  apex  down- 
ward, are  the  best  adapted  for 
extirpations  of  tumors  of  the  lower 
lip.    Excepting  those  tumors  whidi 


OPERATIONS  ON  THE  HEAD  315 

involve  the  whole  lip,  almost  all  those  in  which  part  of  the  lower  lip,  up 
to  three-fourths  of  the  latter,' is  removed,  can  be  treated  by  that  wedge 
excision  without  subsequent  plastic  flap  operation.  The  resulting  defect 
can  be  closed  by  simple  approximation  of  the  wound  edges.  The  shape 
of  the  mouth  resembling  somewhat  that  of  a  fish  which  develops  always 
immediately  after  the  operation  sets  itself  right  surprisingly  quickly,  and 
the  mouth  resumes  soon  its  normal  shape  and  a  sufficient  width.  When, 
as  is  the  case  in  malignant  tumors,  the  lymphatic  glands  of  the  neck 
have  to  be  cleaned  out,  the  latter  operation  must  precede  the  extirpa- 
tion of  the  tumor,  as  it  is  thoroughly  aseptic  while  the  latter  is 
not.  Furthermore,  the  wound  resulting  from  the  extirpation  of  the 
glands  must  be  completely  shut  off  from  that  of  the  tumor  itself  and 
treated  separately  from  the  latter.  To  clean  out  the  submaxillary  region 
from  glands,  we  make  the  incision  recommended  by  Stieda,  but  certainly 
employed  by  surgeons  already  long  before  him,  going  from  one  border  of 
the  lower  jaw  to  the  other,  dividing  the  skin,  subcutaneous  fat  and  pla- 
tysma  and  reaching  the  connective  adipose  tissue  beneath  the  latter;  then 
the  resulting  skin  flap  is  dissected  downward  to  the  hyoid  bone,  and  all 
the  fatty  tissue  included  between  the  skin  and  the  muscles  of  the  base  of 
the  tongue  is  thoroughly  removed  together  with  the  therein  contained 
lymph  glands.  As  separate  glands  are  enclosed  with  the  submaxillary 
gland  in  the  latter's  capsule,  these  must  be  also  extirpated.  Both 
external  maxillary  arteries  running  near  the  anterior  edge  of  the  mas- 
seter  upward  and  inward  may  be  deflected  outward  or  doubly  ligated  and 
severed,  but  must  be  carefully  spared  in  case  there  is  going  to  be  later 
a  plastic  operation.  Complete  hemostasis,  suture  of  the  skin  without 
drainage. 

For  the  extirpation  of  the  tumor  proper,  an  assistant  grasps  the  lower 
lip,  at  first  on  the  left  side,  between  the  forefinger  introduced  in  the 
pouch  of  the  cheek  and  the  thumb  firmly  pressing  on  the  outside.  The 
surgeon  stretches  the  tissues  of  the  other  side  in  the  opposite  direction 
and  cuts  completely  through  the  lower  lip  down  to  the  bone  in  the  direc- 
tion of  the  apex  of  the  wedge  to  be  removed;  this  incision  is  made  with 
a  broad-bellied  knife  or  strong  straight  scissors;  all  spurting  arteries  of 
the  external  wound  are  forthwith  clamped.  Then  the  assistant  holds  the 
tumor,  the  operator  introduces  his  fingers  in  the  pouch  of  the  cheek  of 
the  other  side  and  completes  the  operation  by  repeating  here  the  same 
steps.  In  case  of  smaller  tumors,  we  may  also  use  harelip  clamps  (see 
Fig.  328,  b) .  In  order  to  remain  everywhere,  in  cases  of  malignant  tumors, 
far  enough  from  the  new  growth  (at  least  at  1  cm.  distance  on  the  re- 
laxed lip),  outline  the  wedge  to  be  removed  by  two  shallow  incisions  on 
both  sides  of  the  tumor  on  the  edge  of  the  vermilion  border  of  the  lips 
and  a  prick  at  the  apex  of  the  wedge.  The  larger  bleeding  vessels  are 
ligated:  the  flow  of  blood  from  the  smaller  stops  by  itself  after  the  su- 
ture. While  placing  the  latter,  see  that  vermilion  border  is  carefully 
approximated  to  vermilion  border.    A  few  relaxation  sutures  and  a  large 
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number  of  superficial  sutures  which  come  out  on  the  mucous  side  near  the 
edge  of  the  mucosa  reunite  the  wound  edjgfes  (Fig.  328,  c).  We  suture 
the  mucosa  with  a  few  fine  separate  silk  stitches,  as  otherwise  it  would 
easily  infold  between  the  edges  of  the  wound. 

If  the  whole  lower  lip,  or  almost  all  of  it,  must  be  excised,  we  may 
still  nevertheless  resort  to  wedge  incisions,  and  cover  the  defect  by  a  plas- 
tic process,  as  indicated  in  Figs.  329  and  330.  These  methods  aim  essen- 
tially at  hemming  the  lip  all  around  with  mucous  membrane  and  at  mak- 
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Fig.  329. 


inga  new  mucous  lining  for  the  lower  lip.  To  this  effect  we  may  use  the 
mucosa  of  the  cheek  and  part  of  the  vermilion  border  of  the  upper  lip 
and  of  the  commissure. 

Fig.  329,  A  to  C,  represents  diagrammatically  such  a  procedure.  From 
the  labial  commissures,  incisions  are  drawn  a  little  obliquely  downward 
through  the  whole  thickness  of  the  cheek,  and  far  enough  to  enable  us  to 
bring  the  wound  edges  together  in  the  median  line  without  undue  ten- 
sion. Whatever  remains  of  the  mucosa  of  the  lower  lip  is  previously 
excised  till  the  angle  of  the  mouth,  and  the  incision  is  then  carried  far- 
ther upward  and  inward  along  the  edge  of  the  mucous  membrane,  of  the 
commissure  and  of  both  halves  of  the  upper  lip.  The  two  resulting  flaps 
of  vermilion  border  of  the  lips  are  now  curved  downward  so  as  to  outline 
the  new  commissures,   which  consequently  find  themselves  displaced 
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toward  the  upper  Up  (Fig.  329,  B).  Next  follows  the  approximation  in 
the  median  line  of  the  cheek-and-upper-lip  flaps.  The  lateral  defects 
may  be  closed  by  suture  after  suificient  distortion  of  the  outermost  angle 
of  the  wound.  The  flaps  of  vermilion  border  are  also  sutured  together 
in  the  middle  line  and  fastened  to  the  new  lower  lip  by  fine  silk  stitches. 
Especially  on  the  red  side,  these  stitches  must  not  take  in  too  much  tissue 
or  be  knotted  too  tight,  as  we  should  have  to  fear  gangrene  of  the  red 
flap  otherwise  well  supplied  with  blood. 

If  the  whole  lower  lip  is  sacrificed  together  with  the  commissures,  the 
method  represented  in  Fig.  330,  A  and  B,  could  be  advantageously  used  to 


Fig.  330. 


bridge  the  defect  In  this  method  lateral  incisions  are  also  necessary; 
if  need  be,  these  may  be  carried  downward  along  a  slightly  curved  line 
to  the  border  of  the  masseter:  they  divide  the  cheek  only  to  the  mucosa 
exclusively.  The  latter  is  detached  upward  for  2  cm.  in  the  vicinity 
of  the  commissure  so  as  to  form  a  rectangular  flap  which  later  will 
take  the  place  of  the  mucosa  of  the  lower  lip.  In  Fig.  330,  B,  this  mu- 
cous flap  is  represented  on  the  right  side  still  connected  above  and  betow 
with  the  mucosa  of  the  cheek,  and  on  the  left  side  already  detached  on 
its  upper  side.  The  mucosa  is  next  severed  level  with  the  skin  in- 
cision, laterally  of  the  flap.  Then  follows  the  union  of  the  skin  flaps  in 
the  median  line,  of  the  mucous  flaps  with  the  anterior  wound  edge  and 
with  one  another,  and  finally  the  closure  of  the  lateral  openings,  for 
which  the  edges  of  the  mucosa  must  be  approximated  by  fine  buried  cat- 
gut stitches. 

The  following  plastic  operation  on  the  lower  lip  (performed  for  the 
first  time  by  Morgan,  according  to  Sandelin)  ought  also  to  give  very  good 
results  when  used  in  conjunction  with  ct/"ScAii/(^'8  plastic  use  of  the  ver- 
milion border.  The  technique  is  as  follows:  After  extirpation  of  the 
carcinoma— in  most  of  the  cases,  we  have  to  deal  with  carcinoma  of  the 
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lower  lip — a  second  incision  g^)ing  from  one  side  of  the  lower  jaw  to  the 
other  (suicide  cut)  is  made  parallel  with  the  edge  of  the  defect  (see  Fig. 
331,  A)  below  the  chin  or  on  the  neck,  and  indeed  so  low  that  the  distance 
from  that  incision  to  the  edge  of  the  defect  is  largely  1  to  2  cm. 
greater  than  the  height  of  the  latter.  When  excising  the  carcinoma,  be 
careful  that  the  loss  of  substance  present  a  symmetrical  curved  limit  con- 
cave upward  (Fig.  331,  A).  The  skin  is  detached  from  the  subjacent 
structures  between  the  two  incisions,  so  that  a  bridge-shaped  flap  results. 


B 


having  on  each  side  a  pedicle  extending  from  the  labial  commissure,  or 
rather  from  the  angle  of  the  defect,  to  about  the  angle  of  the  jaw. 
Through  the  lower  jaw  incision,  we  may  also  easily  excise  the  submental 
lymphatic  glands.  The  flap  is  now  moved  upward  until  it  covers  the  row 
of  teeth.  As  the  limit  of  the  loss  of  substance  is  concave,  the  lower  lip 
would  be  too  long  if  we  should  not  place  at  both  ends  a  few  stitehes 
which  give  to  the  lip  the  required  length.  The  simplest  way  to  hold  the 
flap  in  place  is  to  drive  through  its  middle  a  nail  into  the  lower  jaw 
(mental  protuberance,  Fig.  331,  Band  D).  The  defect  in  the  neck  is 
closed,  as  represented  in  Fig.  331,  B,  by  a  few  traction  sutures  and  ordi- 
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nary  skin  stitches.  Next  SckulUn'a  plastic  operation  is  carried  out  in 
the  followinfr  way.  By  means  of  three  forceps  holding  respectively  the 
two  labial  commissures  and  the  point  of  the  vermilion  border  below  the 
filtrum,  the  upper  lip  is  strongly  stretched,  and  next  split  into  an  ante- 
rior and  posterior  half  (Fig.  331,  O  by  an  incision  drawn  in  a  frontal 
plane  from  one  angle  to  the  other.  The  incision  penetrates  through  the 
mucosa  and  about  1  to  1.5  cm.  deep  into  the  underlying  muscle.  By 
means  of  an  incision  drawn  parallel  with  the  former  at  about  1  to  1.5 
cm.  distance,  across  the  buccal  surface  of  the  lip,  a  bridge-shaped  flap  is 
formed  which  remains  connected  with  the  surrounding  structures  only 
at  both  commissures.  The  well  liberated  flap  is  then  fastened  in  the 
place  of  the  vermilion  border  of  the  lower  lip  so  that  the  lower  edge  b  in 
Fig.  331,  C,  and  Fig.  331,  D,  is  united  exactly  with  the  alveolar  mucous 
edge,  in  so  far  as  the  latter  could  be  saved,  otherwise  with  the  posterior 
edge  of  the  wound,  and  that  the  upper  edge  G,  in  Fig.  331.  C,  and  Fig.  331, 
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D,  is  stitched  to  the  cutaneous  edge  of  the  loss  of  substance.  To  this 
effect,  the  flap  undergoes  a  twisting  of  about  90°,  the  upper  edge  becom- 
ing anterior.  This  twisting  ought  not  to  impede  the  circulation.  Approxi- 
mation must  be  very  good  at  the  commissure,  as  otherwise  healing  would 
easily  be  accompanied  by  shrinking  which  would  reduce  the  diameter  of 
the  new  mouth.  The  resulting  defect  in  the  upper  lip  is  closed,  so  that 
what  is  left  of  the  vermilion  border  is  sutured  with  catgut  to  the  edge 
of  the  mucous  wound  on  the  buccal  surf  ace  of  the  lip  (Fig.  331,  Z>).  The 
upper  lip  loses  some  of  its  length  and  height,  but  a  noticeable  disturb- 
ance ought  not  to  result  therefrom.  Sandelin  calls  attention  to  the  fact 
that,  when  using  this  method,  both  facial  arteries,  whenever  possible,  but 
at  least  one  of  them,  must  be  spared;  if  need  be,  operate  in  two  sittings. 
The  plastic  operation  after  v.  Langenbeck's  method  supplies  a  new 
lower  lip  in  the  manner  represented  in  Fig,  332,  but  does  not  contemplate 
the  formation  of  a  new  vermilion  border.  Consequently  the  flap  shrinks 
considerably  and  gives  to  the  mouth  an  ugly  cicatricial  look.  Perhaps 
this  Langenbeck  operation,  used  in  conjunction  with  afSckultin's  just  de- 
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scribed  plastic  refection  of  the  vermilion  border,  would  give  better  cos- 
metic and  functional  results. 

Meloplasiy  (plastic  operations  on  the  cheeks). 

If  a  large  portion  of  the  cheek  with  its  mucosa  is  destroyed  following 
the  extirpation  of  a  tumor  or  after  inflammatory  processes,  or  if  a  cica- 
tricial trismus  consecutive  to  retraction  of  the  soft  parts  makes  impera- 
tive for  its  relief  a  removal  of  the  larger  part  of  the  cheek,  inclusive  or 
exclusive  of  the  angle  of  the  mouth,  we  must  in  the  first  place  provide  a 
substitute  for  the  mucous  membrane  of  the  cheek,  so  as  to  ward  off  per- 
sistency or  recurrence  of  the  trismus.  Smaller  losses  of  substance  may 
be  always  covered  by  plastic  operations  with  pediculated  mucous  flaps 
taken  from  the  lower  or  upper  lips,  or  from  both  (Oberst)  or  from  the 
hard  palate  (Bayer) ,  but  in  case  of  larger  defects,  we  are  compelled  to 


take  our  plastic  material  from  the  outer  skin.  If  the  latter  carries  hair, 
it  cannot  be  used  as  a  substitute  for  the  mucous  membrane  because  the 
hair  continues  to  grow  within  the  buccal  cavity.  For  this  reason,  the  first 
plastic  method  to  be  described,  Kraske-Gersuny' s,  can  only  find  limited 
indications.  First  a  skin  flap  is  circumscribed  in  the  manner  sketched 
on  Fig.  333,  A,  on  the  skin  of  the  cheek  or  of  the  chin — eventually  we 
may  also  use  the  hairless  skin  found  below  the  eye — and  detached  from 
the  underlying  structures  together  with  its  subcutaneous  adipose  tissue 
and  fascia,  up  to  1  cm.  from  the  edge  of  the  defect,  so  that  the  flap 
hangs  only  by  a  fascia-and-fat  pedicle  from  which,  however,  as  Gersuny 
has  established,  it  receives  sufficient  nourishment.  The  flap,  somewhat 
larger  than  the  mucous  gap  and  corresponding  in  shape  to  the  latter,  is 
turned  over  the  same  and  exactly  sutured  (Fig.  333,  A  and  B).  In  small 
defects,  the  external  wound  may  be  closed  by  suture  (Fig.  333,  C)  or  by 
a  Thiersch  transplantation  or  by  a  pediculated  flap  taken  farther  down  from 
the  neck.  We  must  always  remember  Steno's  duct.  If  the  latter  has  to 
be  severed,  its  stump  must  be  stitched  to  the  buccal  mucosa  on  the  edge 
of  the  defect. 

Others  have  first  provided  an  epithelial  lining  on  the  wound-surface 
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of  a  Ions'  flap  taken  from  the  skin  of  the  neck  by  means  of  Thiersch 
grafts,  and  later  sutured  in  the  loss  of  substance  the  flap  thus  covered 
on  one  side  with  skin,  and  on  the  other  with  epidermis.  But  flaps  of  this 
kind  are  always  hbrous  and  not  very  supple. 

Israels'  somewhat  tedious  method  gives  results  uniformly  gratifying 
from  a  cosmetic  as  well  as  from  a  functional  standpoint  (Fig.  334,  A  to 
D).  A  long  flap,  chosen  amply  large,  reaching  down  to  the  collar-bone 
and  pediculated  below  the  mastoid  process  is  taken  from  the  lateral  part 
of  the  neck,  hinged  as  shown  in  A,  and  exactly  sutured  in  the  loss  of 
substance.  The  defect  in  the  neck  can  be  sutured  for  the  most  part 
(Fig.  334,  C).  After  about  two  weeks,  the  flap  is  severed  from  its  pedicle 
(Fig.  334,  B),  folded  on  itself  in  its  middle,  so  that  the  outer  surface  is 
agsdn  lined  with  skin,  and  sutured  in  the  outer  angle  of  the  gap,  as 


shown  in  Fig.  334,  C  After  two  weeks  more,  the  ridge  resulting  from 
the  folding  is  extirpated  or  avived  along  the  dotted  line  so  as  to  enable 
the  surgeon  to  close  the  still  persisting  gap  in  the  hollow  of  the  cheek 
(Fig.  334,  D). 

6.  Treatment  of  Salivary  Fistulae 

I  shall  treat  here  only  of  the  fistulte  of  Steno's  duct,  as  being  the  most 
frequent.  The  parotidian  duct,  Steno's  duct,  arises  by  many  branches 
from  the  parotid  (pars  parotidea),  runs  horizontally  forward  about  1  cm. 
below  the  zygomatic  arch,  over  the  masseter  (pars  masseterica).  Curves 
toward  the  inside  of  the  buccal  cavity  around  the  anterior  border  of  the 
masseter,  perforates  the  buccinator,  runs  for  a  short  length  beneath  the 
buccal  mucosa  (pars  buccalis)  and  opens  on  the  tip  of  the  superior  sali- 
vary papilla  opposite  the  second  upper  molar  tooth. 

In  all  these  segments,  it  may  become  the  seat  of  listulse  as  a  sequel 
to  injuries,  operations,  or  inflammatory  processes.  Almost  always  we 
have  to  deal  with  complete  fistulse  with  two  lips  and  lined  with  mucous 
membrane.    Freshening  of  the  edges  of  the  fistula,  excision  of  the  mu- 
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cosa  down  to  the  duct  and  suture  in  layers  of  the  soft  parts  over  the  duct 
leads  only  seldom  to  the  goal. 

The  most  ideal  method,  applicable  with  success,  as  Nicoladoni  has 
shown,  to  all  segments  of  the  duct  is  freeing  of  the  canal  and  of  both  ends, 
resection  of  the  strictured  segment  or  of  the  sclerosed  and  narrowed 
peripheral  end,  and  circular  suture.  To  this  effect  we  begin  by  making 
a  circular  incision  around  the  external  fistulous  opening  and  excising  the 
part  of  the  fistula  lined  with  mucosa.  The  central  end  is  easy  to  find, 
and  the  discovery  of  the  peripheral  generally  narrowed  by  fibrous  tissue 
may  be  facilitated  by  catheterization  of  the  salivary  papilla  (see  above) 
with  a  very  fine  knob-ended  probe.  Suture  as  for  a  Carrel  vascular 
suture  (see  page  99).  with  finest  needles  and  silk.     The  soft  parts  are 

united  over  the  duct  by 
buried  catgut  sutures, 
and  the  skin  is  closed. 
A  strongly  compressive 
bandage  applied  on  the 
parotid  decreases  the  se- 
cretion of  the  latter  for 
a  few  days. 

The  simplest  method 
to  cure  fistulas  of  Steno's 
duct,  is  Deguise's  (see 
Fig.  335),  but  it  is  only 
applicable  to  fistula  of 
the  buccal  part  of  the 
duct.  Under  local  anal- 
gesia, excision  of  the 
fistula,  until  we  see  dis- 
tinctly the  mucous  mem- 
Pic  335  brane  of    the    duct     A 

supple  and  not  too  thick 
silver  wire  is  threaded  on  each  end  on  a  needle  and  passed  through  the 
buccal  cavity,  as  shown  in  Fig.  335,  while  the  cheek  is  drawn  aside  by  a 
blunt  retractor;  so  that  the  mucosa  of  the  salivary  duct  is  encircled  in 
the  wire  loop  which  is  twisted  fairly  tight  to  begin  with,  and  a  little 
tighter  every  day  until  it  has  completely  cut  through  the  soft  parts.  The 
resulting  internal  fistula  is  quickly  lined  by  epithelium  originating  from 
that  of  the  duct  and  that  of  the  cheek.  The  outer  opening  ought  not  to 
be  closed  hermetically,  as  the  internal  fistula  does  not  work  yet  during 
the  first  days. 

7.  Operations  on  the  Lower  Jaw 

Reaection  of  the  Articular  Condyle  in  Anchylosis  {after  Koenig). 

T-shaped  incision,  the  horizontal  leg  of  which  begins  on  the  inferior 

border  of  the  zygomatic  arch  just  in  front  of  the  ear,  runs  forward  3  qra. 
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and  divides  all  soft  parts  and  the  periosteum  of  the  zygomatic  arch.  The 
vertical  leg  of  the  incision,  2  cm.  long,  begins  in  the  middle  of  the  first 
and  divides  only  the  skin.  The  temporal  artery  is  protected  against  in- 
jury :  the  upper  branch  of  the  facial  nerve  is  not  in  danger  with  such  an 
incision.  With  a  knife  and  an  elevator  kept  always  close  to  the  bone, 
all  soft  parts  are  separated  from  the  latter  from  above  downward,  begin- 
ning on  the  zygoma,  next  working  on  the  capsule,  and  finally  on  the 
condyloid  process.  The  soft  parts  must  be  well  drawn  aside  by  blunt 
hooks.  Two  elevators  with  curved  ends  are  carried  around  the  neck  of 
the  condyle,  one  in  front  and  one  behind,  and  said  neck  is  divided  below 
the  articular  head  by  means  of  a  thin  and  slender  chisel.  Then  the  head 
must  be  extracted  from  the  articular  cavity  by  blunt  or  cutting  dissec- 
tion. The  subperiosteal  detachment  protects  against  injury  to  the  inter- 
nal maxillary  artery,  and  a  slightly  oblique  downward  direction  given 
the  chisel  against  damage  to  the  base  of  the  skull. 

Recurrence  of  anchylosis  has  been  successfully  prevented  by  Helferich 
through  the  interposition  of  a  muscular  flap  taken  from  the  temporal  mus- 
cle, by  Mikulicz  by  that  of  a  similar  flap  taken  from  the  masseter,  by 
Roser,  through  the  fitting  of  a  gold  cap,  by  Gliick  through  the  inver- 
sion of  a  pediculated  skin  flap  into  the  wound  cavity. 

Resections  in  the  Continuity  of  the  Lower  Jaw. 

I  shall  not  treat  here  of  partial  resections  not  interrupting  the  con- 
tinuity of  the  bone. 

Resections  in  the  continuity  and  exarticulations  are  performed  under 
the  same  preventive  rules  against  the  falling  into  the  larynx  and  aspira- 
tion of  blood,  etc.,  as  operations  on  the  upper  jaw,  described  above:  there- 
fore with  the  patient  in  the  sitting  position,  half  anesthetized,  after 
tracheotomy  and  insertion  of  a  Trendelenburg  or  Hahn  tampon  cannula  or 
after  Kuhn^s  transbuccal  intubation.  These  preliminary  steps  make  super- 
fluous, in  resections  of  the  middle  segment  of  the  lower  jaw,  the  passing 
of  a  thread  through  the  tongue  to  draw  forward  the  latter,  which  after 
separation  from  the  lower  jaw  sinks  backward  and  blocks  the  orifice  of 
th6  larynx. 

The  lower  jaw,  formed  mostly  by  compact  bone,  can  be  divided  with 
a  hand-saw  or  Gigli's  wire  saw.  I  have  learnt  the  method  represented  in 
Fig.  336  in  Koenig*8  clinic,  and  have  found  it  very  satisfactory.  Along 
the  line  of  division,  a  row  of  holes  close  to  one  another  are  bored  with  an 
electrical  or  StiUe  drill  (see  Fig.  260,  on  page  252) ,  after  the  periosteum 
has  been  detached  from  the  internal  surface  of  the  bone  and  a  broad  ele- 
vator or  a  spatula  has  been  slipped  under  the  latter.  The  bridges  of  bone 
between  the  holes  can  always  be  broken  by  short  chisel  strokes ;  thus  is 
obtained  a  line  of  fracture  along  any  desired  direction;  which  is  not  pos- 
sible with  sawing.  If  it  is  planned  to  reunite  later  the  fragments,  as  in 
cases  of  temporary  resection  of  the  lower  jaw,  two  suture  holes  (Fig.  336, 
a  and  a)  are  bored  next,  one  on  each  side  of  the  line  of  incision.  A 
lower  jaw  thus  angularly  divided  holds  very  firmly  after  the  suture. 


324  OPERATIONS  ON  THE  HEAD 

Exarticulation  of  the  ascending  ramus  of  the  lower  maxillary  bone 
and  of  a  more  or  less  considerable  part  of  its  body  must  be  preceded  by 
ligation  of  the  external  carotid  between  the  origin  of  the  superior  thy- 
roid and  of  the  lingual  arteries.  Even  if  after  this  step  the  field  is  not 
absolutely  bloodless,  the  bleeding,  so  abundant  in  this  vascular  region,  is 
so  lessened  that  it  does  not  cause  any  more  trouble. 

Pritz  Koenig,  who  recently  has  exhaustively  gone  into  the  question  of 
the  technique  of  resection  of  the  lower  jaw  and  prosthesis  of  the  lost  part, 
advises  the  following  procedure.  The  incision  begins  on  the  chin,  de- 
scends along  a  long  curve  to  the  hyoid  bone  and  thence  curves  upward  to 
the  tip  of  the  mastoid  process.     The  whole  large  skin  flap  is  dissected 

upward  together  with 
the  fatty  tissue  and 
the  platysma  to  the 
bonier  of  the  lower 
jaw.  The  lower  branch 
of  the  facial  is  thereby 
surely  spared.  Through 
that  incision  it  is  easy 
to  ligate  the  external 
carotid  (see  above). 
If  dealing  with  an 
endosteal  tumor  sur- 
rounded everywhere 
by  a  continuous  shell 
of  bony  tissue  we  may 
preserve  the  perioste- 
um, and  to  that  effect 
we  incise  it  along  the 
lower  border  of  the  jaw 
and  lift  it  away  by  means  of  an  elevator.  In  other  cases,  in  tumors  that 
have  grown  through  the  bone  or  have  invaded  the  latter  from  without, 
the  tumor  is  at  first  circumscribed  on  the  outer  aspect  of  the  jaw  by  an 
incision  passing  at  least  1  cm.  away  from  it  in  sound  tissue.  Splitting 
the  lower  lip  in  the  middle  line  is  not  indispensable,  but  eases  consider- 
ably the  further  steps  and  facilitates  especially  forming  an  opinion  about 
what  soft  parts,  and  particularly  how  much  of  the  mucosa,  may  be 
kept.  After  extraction  of  the  tooth  implanted  at  the  site  of  the  future 
division  of  the  jaw,  the  periosteum  is  detached  circularly,  the  oral  mu- 
cosa incised,  and  the  bone  sawed  through  transversely  with  a  Gigli  saw. 
Then  a  sharp  bone  hook  is  inserted  into  the  canal  of  the  bone,  or  the  dis- 
eased segment  of  the  latter  is  strongly  drawn  outward  by  means  of  a  bone 
forceps,  whereby  the  soft  parts  situated  within  the  arch  of  the  jaw  and 
the  floor  of  the  mouth  become  accessible  to  the  eye  and  knife.  The  then 
stretched  raucous  membrane  of  the  floor  of  the  mouth  has  to  be  divided 
from  in  front  backward  as  near  the  teeth  as  feasible;  when  possible,  the 
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internal  pterygoid  muscle  is  preserved.  A  strong  traction  downward 
brings  into  view  the  coronoid  process  with  the  insertion  of  the  temporal 
muscle.  Either  the  latter  is  detached  from  its  insertion  or  the  process 
cut  transversely  through  its  base  with  a  bone-cutting  forceps.  The  re- 
mainder of  the  lower  jaw,  neck,  and  condyle,  is  extracted  by  torsion. 
Koenig  advises  to  line,  the  glenoid  cavity  with  a  pad  of  muscle,  so  that 
the  prosthetic  appliance  that  will  be  worn  later  should  not  erode  the  car- 
tilage. There  are  enough  muscle  stumps  and  soft  parts  in  the  vicinity 
to  find  easily  material  for  this  purpose.  Now  we 
come  to  the  problem  of  shutting  otf  the  wound 
cavity  as  well  as  possible  from  the  buccal  cavity. 
If  the  lower  jaw  has  no  more  teeth,  if,  therefore, 
there  is  no  possibility  of  adjusting  a  prosthetic 
appliance  on  the  remaining  teeth,  the  buccal  mu- 
cosa is  sutured  exactly  with  that  of  the  cheek. 
To  make  this  possible  also  in  the  anterior  angle  of 
the  wound  at  the  level  of  the  first  preserved  tooth, 
Fritz  Koenig  recommends  to  detach  farther  the 
muco-periosteal  lining  for  about  0.5  cm,  and  to 
rongeur  away  the  denuded  segment  of  bone  (see 
Fig.  337).  Previous  to  the  operation,  an  ivory 
substitute  has  already  been  made  for  the  excised 
part  of  bone,  from  data  furnished  by  radiographs 
(see  Fig.  338).  This  ivory  piece  is  nicely  rounded 
on  the  extremity  which  is  to  fit  in  the  glenoid  cav- 
ity and  on  the  other  end  carries  a  peg  for  the  marrow  canal  of  the  re- 
maining part  of  the  bone.  Eventually  this  canal  has  to  be  widened  by 
means  of  a  Doyen  spherical  fraise  (see  Fig.  260,  on  page  252).  After 
the  prosthetic  piece  has  been  firmly  connected  with  the  bone  through 
this  peg  the  articular  process  is 
adjusted  in  the  glenoid  cavity 
lined  with  a  pad  of  muscuhu* 
tissue  and  the  soft  parts  are  su- 
tured completely  above  and  below 
in  layers  as  shown  diagrammatic- 
ally  in  Fig.  339.  The  muscular 
stump  of  the  masseter  may  be  su- 
tured to  that  of  the  internal  ptery- 
goid below  the  prosthetic  piece  and 
thus  perhaps  retain  some  of  its 
functional  power.  Koenig  has  succeeded  in  bringing  such  prosthetic 
appliances  to  straight  healing.  After  the  operation,  the  patient  can 
immediately  masticate,  and  a  deviation  of  the  remaining  part  of  the 
lower  jaw  is  impossible. 

If  there  are  still  teeth  on  the  lower  jaw,  and  if,  consequently,  the  pros- 
thetic appliance  can  secure  a  hold  on  the  remaining  teeth,  Koenig  uses  a 


Fig.  337. 


Fig.  338. 
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Sckroeder  hard  rubber  appliance,  the  adjustment  of  which  on  the  remain- 
ing segment  of  bone  has  been  modified  in  a  practical  way  by  Roloff.  First 
of  all,  the  mucous  membrane  of  the  floor  of  the  mouth  is  sutured  to  that  of 
the  cheek  as  high  as  it  reaches,  so  as  to  still  leave  some  space  for  the 
articular  part  of  the  prosthetic  appliance;  andintheanteriorangleof  the 
wound,  the  artifice  indicated  above  (Fig.  337)  is  resorted  to.  Then  a 
Schroeder  temporary  hard  rubber  appliance  is  directly  fastened  to  the 
stump  of  bone  by  means  of  metallic  wire  sutures,  but  there  remains  here 
a  gap  which  will  be  bridged  over  in  the  following  way.  Just  as  in  the 
permanent  prosthetic  piece,  a  dental  bridge  plate  is  made,  already  before 
the  operation,  after  the  teeth  have  been  extracted,  to  bridge  over  this 
gap  {Fig.  340).  It  carries  two  gold  prongs  between  which  the  temporary 
hard  rubber  plate  fits,  and  on  which  the  latter  is  wired  (Fig.  34X).  The 
space  remaining  between  the  plate  and  the  bone  allows  the  wound  secre- 


tion to  escape.  The  articular  part  of  the  plate  is  inserted  between  the 
remaining  muscles  and  into  the  glenoid  cavity  lined  with  a  muscle  pad. 
To  this  effect  part  of  the  wound  in  the  mucosa  must  remain  open  (Fig. 
340) .  It  is  best  to  leave  the  external  wound  open  and  to  allow  it  to  heal 
by  granulation.  The  mouth  must  be  very  diligently  rinsed  with  hydro- 
gen peroxide  solution.  After  complete  healing  of  the  wound,  which 
requires  about  one  and  a  half  or  two  months,  the  temporary  plate  is 
replaced  by  a  permanent  one  which  takes  its  grip  on  suitable  teeth  and  is 
provided  with  a  sublingual  plate  and  the  necessary  number  of  artificial 
teeth.  Naturally,  the  help  of  a  skilled  dentist  is  needed  in  such  opera- 
tions. If  the  size  of  the  segment  of  bone  to  be  resected  cannot  be 
exactly  determined  before  the  operation,  then  we  must  have  ready  a 
Sckroeder  hard  rubber  plate  presenting  approximately  the  shape  of  the 
lower  jaw,  which  will  be  fashioned  so  as  to  correspond  to  the  missing 
part  of  the  bone  and  directly  adjusted  over  the  remaining  part.  Cover- 
ing the  surface  of  section  of  the  bone  with  a  muco-periosteal  lining  (see 
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Figs.  336  and  339)  is  then  not  possible,  and  necrosis  of  the  bone  edge 
through  infection  cannot  always  be  averted. 

If  we  do  not  want  to  apply  a  plate  immediately,  we  can  prevent  devia- 
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tion  of  the  remaining  part  of  the  jaw  toward  the  diseased  side  by  means 
of  Salter's  inclined  plane  (Fig.  342) .  The  latter  is  fastened  to  the  back 
teeth  of  the  healthy  half  of  the  jaw  and  is  provided  with  a  plate  slid- 
ing along  the  cheek  and  acting  as  a 
guide  to  keep  the  jaw  in  the  right 
position  when  the  mouth  opens  and 
closes. 

Gaps  after  resections  in  the  con- 
tinuity of  the  lower  jaw,  particularly 
after  removal  of  the  middle  segment, 
may  be  very  well  bridged  over,  not 
only  with  Schroeder'a  hard  rubber 
plates,  but  also  by  means  of  the  above 
described  Koenig-Rfdoff  ivory  pros- 
thetic pieces ;  these  must  then  be  ad- 
justed in  the  bone  at  both  ends  after 
the  mucosae  of  the  cheek  and  mouth 
have  been  sutured  together.  The  external  soft  parts  are  also  sutured 
completely. 


Fig.  342. 
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8.   Operations  on  the  Tongue 

Too  short  a  frenwn  is  divided  by  pressing  upward  the  tongue  with 
the  flat  end  of  the  grooved  director  represented  in  Fig.  343,  thereby 
putting  on  the  stretch  the  frenum  which  comes  to  fit  in  the  notch,  and 
cutting  it  with  scissors.    No  after-treatment  or  suture  is  necessary. 

Whenever  possible,  partial  or  total  excision  of  the  tongue  must  be 
executed  through  the  mouth  and  without  the  preliminary  steps  which 
will  be  mentioned  later,  splitting  of  the  cheeks  or  of  the  lower  jaw.  The 
later  reports  of  Heidenhain,  Ghicky  and  Kocher  are  a  strong  plea  in  favor 
of  such  a  conservative  procedure. 

Wedge-shaped  pieces  of  the  tongue  are  excised  in  the  following  way : 
First  a  loop  of  heavy  silk  is  passed  through  the  tongue  from  above  down- 
ward, laterally  of  the  future  line  of  incision,  and  the  tongue  is  drawn 
forward:  two  American  bullet  forceps  may  eventually  perform  the  same 
office.    If  only  a  small  fragment  has  to  be  excised,  the  operative  field  may 

be  circumscribed  after  Hdcken- 
bmch's  method.  As  this  circum- 
ferential injection  cannot  be  well 
Fig.  343.  done  without    the    tongue    being 

drawn  forward,  Braun  advises  to 
form  a  submucous  lump  on  the  upper  surface  of  the  tongue  at  the  point 
of  entrance  of  the  needle  and  another  on  the  lower  aspect  at  the  exit  of 
the  needle,  then  to  pass  a  single  loop  or  several,  as  the  case  may  be,  and 
then  inject  around  the  whole  field.  Between  the  traction  loops,  which 
at  the  same  time  stretch  the  tongue,  the  part  to  be  removed  is  excised 
in  a  wedge  of  tissue  by  means  of  strong  straight  scissors  or  of  a  broad 
scalpel,  and  the  wound  is  forthwith  sutured,  preferably  with  silk. 

In  case  of  very  large  tumors,  which  ought  to  be  operated  on  through 
the  mouth,  the  frenum  must  be  first  divided  so  that  the  tongue  can  be 
well  drawn  forward.  Then  the  angles  of  the  mouth  are  retracted  back- 
ward by  broad  blunt  hooks,  the  tongue  is  brought  out  by  means  of  bullet 
forceps,  and  divided  layer  after  layer  at  least  1  cm.  away  from  the  tumor. 
If  the  lingual  artery  of  the  corresponding  side,  in  case  of  excision  of 
one-half  of  the  tongue,  if  both,  in  case  of  excision  of  the  whole  tongue, 
have  been  previously  ligated,  the  operation  is  almost  bloodless  and  the 
stitches  uniting  the  mucosa  of  the  remaining  part  of  the  tongue  to  that 
of  the  floor  of  the  buccal  cavity  are  quite  sufficient  to  insure  a  complete 
hemostasis.  Under  all  circumstances,  in  cases  of  malignant  tumors  of 
the  tongue,  this  operation  must  be  preceded  by  the  extirpation  of  the 
regional  lymphatic  glands.  According  to  Kiittner's  researches,  the 
glands  to  be  removed  are  the  submaxillary,  the  submental,  and  the  deep 
cervical  of  both  sides,  and,  in  case  they  show  any  enlargement,  the  su- 
praclavicular also,  as  they  are  in  direct  communication  with  the  tongue. 

Tumors  situated  nearer  the  base  of  the  tongue  are  very  difficult  of 
access  through  the  buccal  cavity,  even  after  transverse  splitting  of  the 
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cheek.     For  such  cases,  we  must  resort  to  temporary  section  of  the 
lower  jaw,  either  lateral  (Langenbeck)  or  median  (Kocher). 

Extirpation  of  Tumors  of  the  Tongue  with  the  Aid  of  Temporary 
Lateral  Section  of  the  Lower  Jaw. 

Incision  beginning  on  the  labial  commissure  and  thence  running 
obliquely  outward  and  downward  to  the  anterior  insertions  of  the  mas- 
seter,  thence  descending  to  the  limit  of  the  middle  and  lower  thirds  of 
the  sterno-cleido-mastoid  muscle.  On  the  cheek,  the  incision  penetrates 
to  the  mucosa.  On  the  border  of  the  masseters  the  external  maxillary 
(facial)  artery  is  severed  between  two  ligatures.  Along  the  lower  bor- 
der of  the  jaw,  the  fascia  of  the  neck  is  transversely  incised  for  the  whole 
length  of  the  submaxillary  gland,  whereupon  the  latter  may  be  easily 
detached  from  the  deep  layer  of  the  cervical  fascia  together  with  the 
neighboring  Ijrmph  glands  and  fatty  tissue,  and  hangs  only  by  a  few 
bloodvessels,  which  are  ligated  and  severed.  After  the  submaxillary 
gland  has  been  removed,  the  muscles  inserted  into  the  hyoid  bone  lie 
free  in  the  wound,  and  it  becomes  easy  to  ligate  the  lingual  artery  at  the 
typical  place  (see  Fig.  129,  on  page  107) .  Next,  the  middle  layer  of  the 
cervical  fascia  is  incised  along  the  border  of  the  sterno-cleido-mastoid 
muscle  so  as  to  allow  the  cleaning  out  of  glands  of  this  region  (see  later). 
Now  the  anterior  insertion  of  the  masseter  is  detached  a  little,  so  as  to 
enable  the  operator  to  divide  the  lower  jaw  far  back  enough  level 
with  the  second  big  molar,  or  if  teeth  are  missing,  in  the  vicinity  of  the 
upper  end  of  the  linea  obliqua.  Langenbeck  reconmiends  to  slope  the  bone 
incision  in  a  direction  oblique  on  one  side  forward  and  downward  and 
on  the  other  outward  and  backward,  so  that  a  sharp  prominence  remains 
on  the  inner  aspect  of  the  articular  end,  and  on  the  outer  side  of  the  in- 
termediary segment  of  the  lower  jaw,  and  that  the  sawed  surface  is  much 
larger  than  with  a  simple  transversal  section.  When  the  fragments  will 
have  been  sutured  later,  the  middle  piece  cannot  slip  backward.  I  have 
used  the  following  technique :  After  the  periosteum  has  been  detached 
circularly,  a  hole  is  bored  in  the  bone  on  each  side  of  the  future  line  of 
division,  and  then  a  row  of  holes  disposed  along  the  lines  represented  in 
Fig.  336  are  drilled  with  StiUe's  instrument  (the  site  of  division  is  placed 
a  little  too  much  forward  in  Fig.  336) ;  then  it  becomes  easy  to  divide 
completely  the  lower  jaw  by  a  few  light  blows  on  a  chisel,  and  at  the 
time  of  suture  both  bone  ends  dovetail  very  exactly.  So  as  not  to  wound 
anything  with  the  point  of  the  perforator,  I  slip  a  flat  spatula  under  the 
internal  surface  of  the  bone.  Now  only  the  mucosa  of  the  cheek  is 
divided  and  a  sharp  strong  bone  hook  is  inserted  on  each  side  in  the 
marrow  canal  of  the  bone  (see  Fig.  106,  3,  on  page  84) .  By  means  of 
the  latter,  both  parts  of  the  jaw  are  drawn  forward  and  backward  re- 
spectively (Fig.  344).  If  there  is  much  resistance,  divide  transversely 
the  posterior  belly  of  the  digastric  muscle.  Then  pass  a  loop  of  extra 
heavy  silk  through  the  tongue.  Up  to  this  moment,  bleeding  is  surpris- 
ingly small,  owing  to  ligation  of  the  external  maxillary  artery.     The 
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danger  of  aspiration  of  blood  and  of  mucus  may  as  well  be  done  away  with 
by  the  use  of  Trendelenburg's  or  Hakn's  tampon  cannula  or  of  AwAn'spero- 
ral  intubation.  The  two  former  are  much  better  than  the  latter,  as  they 
do  not  encroach  upon  the  operative  field.  The  carcinoma  is  now  excised, 
the  section  passing  far  away  through  sound  tissue.  The  tonsils,  the  pil- 
lars of  the  palate,  and  the  muscles  ascending  from  the  hyoid  bone  must 
be  inspected  and  can  easily  be  removed  in  cases  of  extensive  growths. 
Here  also,  bleeding  is  very  small  in  about  one-half  of  the  tongue,  owing 
to  previous  ligation  of  the  lingual  artery.  On'  the  other  side  of  the 
tongue,  the  vessels  must  be  clamped  and  ligated.  Way  back,  the  poste- 
rior facial  vein  and  the  tonsillar  artery  are  sometimes  in  danger  of  being 
severed.  After  excision  of  the  tumor — in  most  cases,  when  the  pillars  of 
the  palate  are  divided  and  the  floor  of  the  mouth  incised,  we  may  dissect 


bluntly  in  the  direction  of  the  carotid  and  thus  save  the  latter  from  in- 
jury— the  whole  large  wound  cavity  is  once  more  inspected,  and,  above 
all  things,  the  operative  specimen  is  carefully  examined,  to  see  if  the 
tumor  extends  anywhere  too  near  the  line  of  excision,  and,  eventually,  we 
make  a  supplementary  excision  in  doubtful  places.  The  covering  of  the 
resulting  loss  of  substance  varies  according  to  the  material  on  hand. 
We  may  endeavor  to  rebuild  a  tongue,  even  if  only  a  very  narrow  one, 
by  suturing  the  mucosa  of  the  under  surface  to  that  of  the  dorsum. 
Farthest  back,  we  must  unite  the  mucosa  of  the  glosso-epigtottic  folds  with 
the  rest  of  the  mucosa  of  the  back  of  the  tongue,  best  by  buried  cat- 
gut sutures.  Forward,  the  mucous  membrane  of  the  floor  of  the  buccal 
cavity  is  approximated  to  the  remnants  of  the  mucosa  of  the  pillars  of 
the  palate:  it  is  best  to  tie  the  knots  toward  the  buccal  cavity.  The 
silver  or  aluminum  bronze  wires,  or  the  Vienna  wire,  that  will  serve  to 
reunite  the  different  parts  of  the  lower  jaw  are  passed  through  the  drilled 
holes  already  before  the  last  stitches  uniting  the  mucosa  of  the  floor  have 
been  tied.     We  must  not  also  forget  at  this  moment  to  sprinkle  the  whole 
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wound  with  coarse  crystals  of  iodoform  and  to  rub  in  the  latter  a  little 
in  the  wound-surface.  The  mucous  membrane  of  the  cheek  is  sutured 
with  buried  catgut  stitches,  the  external  skin  down  to  the  border  of  the 
lower  jaw  with  silk.  The  large  wound  in  the  neck  is  best  left  open  and 
packed  with  iodoform  gauze.  In  order  to  cover  the  large  bloodvessels, 
we  may  approximate  by  catgut  stitches  the  border  of  the  stemo-cleido- 
mastoid  muscle  and  that  of  the  omo-hyoid.  After  careful  cleaning  of  the 
mouth  with  sponges  held  in  a  forceps,  the  Trendelenburg  tampon  cannula 
is  replaced  for  a  few  day  s  by  an  ordinary  cannula,  or  (according  to  which- 
ever was  employed)  Kuhn's  tube  is  withdrawn,  v.  Bergmann  used  to  drain 
the  buccal  cavity  through  the  lower  angle  of  the  wound  and  created  a 
temporary  fistula  between  said  cavity  and  the  neck,  by  drawing  out  the 
mucosa  of  the  region  of  the  glosso-epiglottic  folds  and  implanting  it  on 
the  outer  skin.  Patients  must  get  out  of  bed  early  and  are  fed  during 
the  first  week  through  a  stomach-tube.  Union  of  the  jaw  is  so  firm  when 
the  bone  has  been  divided  along  an  angular  line  that  the  patients  can 
masticate  with  the  utmost  safety. 

Division  of  the  Lower  Jaw  in  the  Median  Line  {Kocher's 
Method). 

This  operation  serves  for  the  extirpation  of  large  growths  of  the  base 
of  the  tongue  and  of  tumors  of  the  tonsils  and  of  the  isthmus  of  the 
fauces.  Splitting  of  the  lower  lip  together  with  its  mucosa  down  to  the 
bone,  and  of  the  skin  of  the  neck  exactly  along  the  median  line  down  to 
the  hyoid  bone.  Drilling  of  two  holes,  one  on  each  side  of  the  middle 
line,  sawing  of  the  bone  between  the  middle  and  lateral  incisors  (therefore 
laterally  of  the  median  line)  of  the  diseased  side,  so  as  to  spare  the  in- 
sertions of  the  geniohyoidei  and  genioglossi  muscles.  Introduction  of 
sharp  bone  hooks  and  spreading  apart  of  both  halves  of  the  jaw.  Kocher 
uses  a  so-called  parallel  blade  ^carteur.  Section  of  the  hyoid  muscles 
through  the  raph6.  The  anterior  belly  of  the  digastric  muscle  lies  a 
little  lateral  to  the  mylohyoideus,  and  is  severed  close  to  its  insertion 
into  the  lower  jaw.  Dissection  above  the  floor  of  the  buccal  cavity 
laterally  of  the  geniohyoideus  and  genioglossus  of  the  diseased  side. 
The  tongue  is  drawn  toward  the  healthy  side  by  means  of  silk  loops. 
Splitting  of  the  mucosa  on  the  floor  of  the  mouth  backward  along  the 
insertion  of  the  tongue.  Here  appears  first  the  lingual  nerve,  then,  a 
little  deeper,  the  lingual  vein,  farther  forward  eventually,  the  sublingual 
gland  and  the  submaxillary  duct  The  submaxillary  gland  is  retracted 
outward  or  extirpated.  These  structures  lie  over  the  hyoglossus  muscle, 
which  serves  as  a  landmark  in  the  search  for  the  lingual  artery  and  whose 
fibres  are  directed  vertically  upward.  If  now  we  push  our  blunt  dissec- 
tion farther  backward,  there  appears  the  hypoglossal  nerve  and,  on  the 
anterior  border  of  the  hyoglossus  muscle,  the  lingual  artery,  which  after 
division  of  the  hyoglossus  perpendicularly  to  its  fibres  (and  consequently 
in  a  direction  parallel  with  the  hyoid  bone)  is  easily  exposed  and  ligated 
as  far  back  as  possible.    Now  the  tongue,  soft  palate,  tonsils,  and  fauces 
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are  well  accessible,  and  the  further  procedure  is  dictated  by  the  actual 
findings.  I  shall  not  describe  more  exactly  those  later  steps,  as  they 
necessarily  vary  in  each  individual  case.  The  operation  is  almost  com- 
pletely bloodless,  especially  when  Kocher^s  way  of  dividing  the  muscles, 
the  mucosa,  and  the  soft  palate  with  the  thermocautery  is  adopted.  Su- 
ture of  the  remnants  of  mucosa,  of  the  lower  jaw,  of  the  skin,  and  drain- 
age in  front  of  the  hyoid  bone.  The  scar  is  almost  invisible.  The 
patient  can  masticate  at  once:  this  is  anyway  just  as  possible  with  the 
above  described  method  of  lateral  division  of  the  lower  jaw. 

Extirpation  of  Sublingual  Tumors. 

A  ranula  may  be  operated  upon  under  local  analgesia  after  a  circum- 
ferential injection,  or  after  simple  swabbing  with  a  strong  (10%)  cocain 
solution.  In  most  cases,  it  suffices  to  excise  the  anterior  wall  of  the  cyst 
together  with  the  part  of  the  mucous  membrane  of  the  floor  of  the  mouth 
that  covers  it,  and  to  pack.  The  packing,  after  partial  excision  of 
the  sac  of  a  ranula,  must  be  kept  for  some  time,  so  that  the  wound  edges 
do  not  coalesce  again.  Thick-walled  cysts  may  also  be  extirpated  in  toto 
together  with  the  glandule.  The  always  very  thick-walled  dermoid  cysts 
of  the  floor  of  the  mouth  are  best  exposed  through  a  median  longitudinal 
incision  or  a  curved  incision  along  the  lower  jaw,  the  mylohyoidei  muscles 
are  separated  through  the  raph6,  and  the  whole  tumor,  which  an  assistant 
pushes  away  from  the  floor  of  the  mouth,  is  shelled  out  The  rather 
large  and  ragged  wound  is  either  closed  with  buried  sutures  or  drained. 

9.   Operations  on  the  Tonsils 

The  tonsils  are  accessible  first  through  the  mouth;  eventually  we 
may  have  to  divide  transversely  the  cheek  or  temporarily  the  lower  jaw 
in  the  middle  line  or  laterally.  They  adhere  only  loosely  to  the  under- 
lying structures,  pharynx  muscles,  and  pterygoidei,  and  can  be  enucleated 
from  their  bed  by  blunt  dissection  after  incision  of  the  mucous  mem- 
brane in  the  vicinity.  The  bloodvessels  and  nerves  reach  them  by 
their  lateral  surface.  The  most  important  to  consider  among  the  former 
is  the  external  carotid  which,  however,  remains  everywhere  at  least  at 
1  cm.  distance,  and  therefore  does  hardly  run  any  danger  in  operations 
on  the  tonsils.  On  the  contrary,  if  it  is  very  tortuous,  the  internal  max- 
illary artery  may  come  very  close  to  the  tonsil.  If,  however,  the  latter  is 
lifted  away  from  its  bed,  the  bloodvessels  do  not  follow,  and  the  distance 
between  them  and  the  tonsil  increases.  The  tonsillar  artery  is  generally 
a  small  vessel;  but  in  rare  cases,  especially  in  hemophiliacs,  and  in  indi- 
viduals having  a  tendency  to  bleed  badly,  if  we  cannot  seize  and  ligate 
it,  we  can  check  the  bleeding  by  digital  compression  by  pressing  a  tam- 
pon on  the  tonsil,  with  the  fore  and  middle  fingers,  while  the  thumb 
remains  outside  the  mouth;  or  we  may  use  the  special  compressors  devised 
for  the  purpose,  among  which  the  Mikulicz-Stork  and  the  Ricm-d  models 
are  the  most  frequently  used  (Figs.  345  and  346).     In  many  cases  of 
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tonsillar  hemorrhage,  a  simple  subcutaneous  injection  of  a  strong  dose 
of  morphin  calms  the  patient  and  stops  the  bleeding  soon  and  perma- 
nently, without  any  further  trouble.    EscaVs  method,  that  is,  laying  a 


Fig.  345. 

tampon  on  the  tonsils  and  suturing  the  palate  pillars  over  the  latter,  will 
prove  serviceable  in  hard  cases. 

The  so  frequent  abscesses  of  the  tonsils  have,  as  a  rule,  a  forward  de- 
velopment toward  the  anterior  part 
of  the  velum  and  cause  the  latter 
to  bulge  forward.  They  can  be 
opened  through  an  horizontal  in- 
cision made  with  a  long-handled 
scalpel,  around  the  blade  of  which 
adhesive  plaster  has  been  wound,  Fig.  346.— i  nat  size. 

so  that  only  i  or  1  cm.  of  the  point 

remains  free.  The  resulting  slit  is  widened  best  with  a  dressing  for- 
ceps. An  iodoform  gauze  wick  is  introduced  and  renewed  every  day; 
the  incision,  which  shows  a  tendency  to  close  quickly,  is  thus  kept 
dilated  till  the  pus  formation  has  subsided. 

To  remove  tonsils,  we  use  most  frequently  Mathieu's  tonsillotome, 
of  which  every  surgeon  must  have  four  different  sizes  on  hand  (Fig.  347). 
The  make-up  of  the  instrument  is  very  easily  understood  from  the  illus- 


FlG.  347. 


tration.  It  consists  essentially  of  a  protected  annular  knife  and  of  a  fork 
which  impales  the  tonsil  and  lifts  it  away  from  its  bed  when  it  is  drawn 
forward.  This  minor  operation  can  always  be  executed  without  general 
anesthesia.  The  way  of  holding  the  instrument  is  explained  by  the  ac- 
companying drawings  (Fig.  348),  which  represent  diagrammatically  an 
horizontal  cross  section  at  the  level  of  the  buccal  slit.  It  is  best  to  use 
the  right  hand  to  work  the  instrument:  the  right  tonsil  is  removed  by 
cutting  over  the  hand  holding  the  tongue  depressor.    A  nurse  holds  the 
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child  in  her  lap  and  maintains  firmly  the  head,  another  sees  to  it  that 
the  child  does  not  move  his  hands.    A  tongue  depressor  pushes  the  tongue 


downward.  The  instrument  is  introduced  on  the  middle  line  to  the  ton- 
sillar region,  pressed  against  the  tonsil  so  that  the  latter  fits  well  within 
^^^  the  ring,  the  handle  of  the 

^^^^\  l^BMv  instrument  draws  the  labial 

v]l     i    \  Unl  commissure  slightly  aside,  so 

\ijl_        J  jg       jy  that  the  instrument  does  not 

^^^^^'^^i  /jf^^  ^'^     directly     backward,    but 

backward  and  inward,  there- 
fore not  completely  sagittally 
but  slightly  inclined  toward 
the  frontal  plane.  A  push 
with  the  thumb  and  a  pull 
with  the  second  and  third 
fingers  terminate  this  minor 
and  very  satisfactory  opera- 
tion which  every  physician 
must  be  in  a  position  to  per- 
form. It  is  by  no  means  indis- 
pensable to  remove  the  whole 
tonsil;  it  is  enough  to  take  off 
a  large  slice  from  the  surface 
and  thus  to  open  widely  the 
dilated  crypts  of  the  depth. 
Cicatrization  brings  about  a  further  shrinking  of  the  remainder.     No 


Fig.  349. 
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Size. 


Fig.  350. 


after-treatment  is  required,  except  frequent  gargling  with  a  little  alu- 
minum acetate,  and  during  the  first  two  days  only  soft  food  must  be 
given. 

Extirpation  of  the  tonsils  for  malignant  tumors  must  be  preceded  by 
a  thorough  cleaning  out  of  the  lymphatic  glands  situated  near  the  angle 
of  the  jaw,  along  the  anterior  bor- 
der  of    the    stemo-cleido-mastoid  Natural  size, 
muscle  of  the  same  side,  and,  if 
enlarged,    of    the    supraclavicular 
glands  also.    Large  tumors  can  only 
seldom  be  removed  without  the  pre- 
liminary operations  of  which  we 
spoke  above.    With  the  aid  of  these, 
particularly  of  Langenbeck's  tem- 
porary lateral  section  of  the  lower 
jaw,  the  tonsils  become  easily  ac- 
cessible; the  mucous  membrane  may  then  be  incised  in  front,  separated 
below  and  above  from  the  tumor,  and  the  latter  may  then  be  bluntly 
lifted  away  from  its  bed  with  the  whole  organ.     In  case  of  adhesions 
with  neighboring  structures,  pharynx  muscles,  vessels,  and  nerves,  the 

operation  has  in  most  cases  no  chance  of 
success.  In  all  such  operations,  Kocher 
uses  freely  the  thermocautery. 

Removal  of  the  Pharyngeal  Tonsils 
{Adenoids). 

I  always  perform  this  so  frequent  oper- 
ation, for  which  there  exist  an  endless  num- 
ber of  instruments,  either  with  Beckmann* 8 
ring-knife  (Fig.  349),  or  Trautmann's 
sharp  spoon  (Fig.  350),  but  I  will  not  say 
that  we  could  not  do  just  as  well  with  in- 
struments of  the  forceps  type,  for  instance 
Jurasz'  (Fig.  351).  So  as  to  gain  infor- 
mation about  the  size  of  the  adenoids,  the 
surgeon  protects  his  left  forefinger  with  a 
metallic  cover,  places  himself  behind  the 
patient  sitting  on  a  stool,  introduces  the 
forefinger  in  the  mouth  so  that  the  three 
last  fingers  rest  outside  of  the  lower  jaw 
and  the  thumb  in  front  of  the  ear.  The 
mouth  is  held  open,  the  head  is  lowered  firmly  against  the  chest  The 
right  forefinger  is  pushed  along  the  hard  palate  till  it  reaches  the  soft, 
then  hooks  the  free  border  of  the  latter  and  explores  the  whole  pharynx 
cavity.  Formerly,  the  pharynx  was  scraped  at  once  with  the  nail,  a 
somewhat  rough  procedure,  which  the  modem  surgeon  cannot  carry  out 
anyway,  for  want  of  long  nails.    To  remove  adenoids,  the  patient  is  held 
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exactly  as  for  tonsillotomy.  The  instrument  is  introduced  along  the 
tongue  which  is  depressed  downward,  the  handle  lifted  until  the  poste- 
rior wall  of  the  pharynx  is  struck,  the  point  is  slipped  upward  along  the 
latter,  thus  passing  easily  between  the  palate  and  the  pharyngeal  wall ; 
then  the  handle  is  lowered  to  about  an  horizontal  position,  the  whole 
instrument  is  drawn  a  little  forward  so  as  to  ascertain  by  sight  that  it 
is  really  behind  the  soft  palate:  the  upper,  back,  and  lateral  walls  of 
the  pharynx  are  vigorously  scraped  a  few  times.  One  may  also,  when 
assistants  are  lacking,  proceed  in  the  position  described  above  for  the 
exploration,  keeping  with  the  left  hand  the  mouth  open  and  the  head 
steady  and  scraping  with  the  right.   After-treatment  as  for  tonsillotomy. 


VII.    operations  on  the  Neck 


1.    Operations  on  tlie  PliaiTnx 

Exposure  of  the  Pharynx  Through  the  Neck 

Even  if  it  is  possible,  after  temporary  division  of  the  lower  jaw,  to 
examine  directly  parts  of  the  buccal  region  of  the  pharynx  from  the 
uvula  down  to  the  level  of  the  epiglottis,  the  access  is  always  extremely 
narrow,  and  the  nasal  and  the  laryngeal  sections  of  the  pharynx  are  prac- 
tically inaccessible.  Three  ways  lead  through  the  neck  to  the  pharynx 
and  the  entrance  of  the  larynx:  (a)  below  the  hyoid  bone  (6),  laterally, 
(c),  above  the  hyoid  bone.  The  corresponding  operations  are:  1,  Langen- 
beck's  subhyoid  pharyngotomy ;  2,  Kronlein's  lateral  pharyngotomy ;  3, 
Hacker's  suprahyoid  pharyngotomy. 

The  first  named  opens  the  way  for  removal  of  tumors  of  the  epiglot- 
tis, the  superior  aperture  of  the  larynx  and  the  buccal  part  of  the 
pharynx ;  the  second  serves  principally  to  reach  the  lateral  wall  of  the 
pharynx ;  the  last  to  remove  tumors  of  the  naso-pharynx. 

Very  frequently  we  are  comp)elled  to  combine  the  subhyoid  and  lateral 
routes,  and  considerable  leeway  is  left 
here  to  the  initiative  and  skill  of  the 
operating  surgeon.  Whenever  possible, 
the  superior  laryngeal  nerve  must  be  pro- 
tected against  injury;  while  all  the  other 
nerves  and  also  the  bloodvessels  play  a 
much  less  important  role.  The  chapter 
devoted  by  Kocher  in  his  great  "Oper- 
ative Technique"  is  highly  profitable 
reading,  and  the  beginner  especially 
ought  not  to  miss  studying  it  very  care- 
fully. 

Subhyoid  Pharyngotomy. 

A  preliminary  low  tracheotomy,  with 
introduction  of  Trendelenburg's  or 
Hahn's  tampon  cannula,  makes  the  oper- 
ation considerably  easier  for  the  surgeon. 
Transversal  incision  from  one  greater 

comu  of  the  hyoid  bone  to  the  other,  dividing  the  skin  and  platysma, 
until  the  whole  hyoid  bone  is  exposed  (Fig.  352).    Veins  coming  into  the 
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incision  are  denuded  and  severed  between  two  ligatures.  The  muscular 
insertions  of  the  sternohyoid  and  omohyoid  are  divided  along  the  lower 
border  of  the  hyoid  bone  and  very  near  the  latter:  the  thyroid  muscle 
situated  beneath  the  others  is  also  similarly  cut.  Below  the  greater 
comu  of  the  hyoid  bone,  and  far  away  laterally,  runs  the  superior  laryn- 
geal nerve  which  we  must  carefully  spare  and  not  mistake  for  the  thin 
nervous  filament  going  from  the  hypoglossal  nerve  to  the  thyrohyoid 
muscle:  said  filament  runs 
farther  forward  and  has  to 
be  cut.  The  small  hyoid 
twig  of  the  lingual  artery 
will  eventually  be  severed 
in  its  external  segment, 
together  with  its  vein,  and 
ligated.  Then  appears  the 
ligamentous  system  spread- 
ing between  the  thyroid 
cartilage  and  the  hyoid 
bone:  in  the  middle,  the 
tough  and  prominent  me- 
dian hyothyroid  ligament, 
laterally,  the  thin  lateral 
hyothyroid  ligaments :  all 
these  are  generally  covered 
by  a  very  thin  layer  of  fatty 
tissue  (Fig.  353).  These 
membranes  are  divided  all 
together  along  the  lower 
edge  of  the  hyoid  bone;  the 
knife  is  always  kept  in  con- 
tact with  this  edge,  so  as  not 
to  wound  the  superior  laryn- 
geal nerve  which  perforates 
the  lateral  part  of  the  mem- 
brane :  beneath,  we  have  still 
to  divide  the  mucosa  situ- 
ated between  the  root  of  the 
tongue  and  the  epiglottis,  which  mucosa  is  pushed  toward  the  neck  in- 
cision by  a  finger  of  the  gloved  hand  introduced  into  the  mouth  {Fig. 
353,  below).  If  we  fasten  the  epiglottis  by  means  of  a  sharp  hook,  it 
becomes  easy  to  turn  it  downward,  and  we  now  see  the  orifice  of  the 
larynx,  the  middle,  and  also  a  fairly  good  part  of  the  laryngeal,  segment 
of  the  pharynx,  especially  when,  in  addition,  the  lateral  angles  of  the 
wound  are  drawn  laterally  with  blunt  rounded  retractors.  The  mucosa 
must  be  sutured  carefully,  the  external  part  remains  mostly  open,  an 
ordinary  tracheotomy  cannula  is  left  in  place  three  or  four  days,  the 
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patient  gets  up  early.  I  shall  not  give  more  exact  descriptions  of  the 
operations  that  have  to  be  performed  after  those  preliminary  steps, 
because  those  vary  with  each  individual  case. 

If  there  remains  a  large  wound  in  the  pharynx  after  removal  of  ex- 
tensive portions  of  the  mucosa,  an  iodoform  gauze  packing  must  be  left 
therein  for  about  four  or  five  days.  In  such  cases  the  tracheal  cannula 
is  kept  longer  and  an  oesophageal  tube  is  introduced ;  its  free  end  may 
be  brought  out  through  the  nose,  the  mouth,  or  through  the  external 
wound  if  the  closure  of  the  pharynx  through  the  neck  is  impossible.  In 
the  latter  case,  the  packing  strips  are  also  brought  out,  and  later  removed, 
through  the  cervical  wound.  Careful  cleansing  of  the  mouth  with  hy- 
drogen peroxid  and  wiping  with  soft  gauze  compresses  is  an  absolute 
requisite  after  all  operations  within  the  mouth  or  pharynx. 

Lateral  Pharyngoiomy. 

This  serves  especially  to  expose  the  part  of  the  pharynx  situated  be- 
hind the  larynx.  Some  surgeons  strive  to  perform  this  operation  with- 
out preliminary  tracheotomy.  But  as  the  majority  advise  the  placing 
of  a  cannula  for  the  first  days  of  after-treatment,  especially  when  the 
wound  is  left  open,  I  consider  it  more  practical  to  begin  the  operation 
by  a  tracheotomy  and  the  introduction  of  a  tampon  cannula.  Incision 
beginning  on  the  anterior  limit  of  the  insertion  of  the  masseter  into  the 
lower  border  of  the  lower  jaw  and  running  obliquely  downward  over  the 
greater  comu  of  the  hyoid  bone  to  the  lower  end  of  the  cricoid  cartilage. 
The  platysma  and  omohyoid  muscles  are  divided;  above,  the  capsule  of  the 
submaxillary  gland  is  opened  and  the  gland  itself  is  extirpated,  together 
with  the  lymphatic  ganglions  and  the  fatty  tissue;  and  the  facial  artery 
is  ligated.  A  blunt  dissection  liberates  the  anterior  facial  vein,  which 
is  also  ligated  and  severed;  the  same  is  the  fate  of  the  lingual  artery, 
after  the  posterior  belly  of  the  digastric  and  the  stylohyoid  muscle  have 
been  cut  close  to  the  hyoid  bone.  Farther  down  we  have  to  ligate  doubly 
and  divide  the  superior  thyroid  artery.  Then  the  lateral  wall  of  the 
pharynx  lies  free  before  us ;  we  can  open  it  either  above  or  below  the 
superior  laryngeal  nerve;  or,  in  case  a  larger  access  is  needed,  after 
dividing  this  nerve,  the  position  of  which  has  been  more  exactly  defined 
on  the  preceding  page.  Is  a  still  wider  access  necessary,  then  we  must 
adopt  KrordeirCs  suggestion  and  lengthen  the  incision  toward  the  angle 
of  the  mouth,  and  temporarily  divide  the  lower  jaw,  as  has  been  said  be- 
fore (page  323),  or  even  exarticulate  the  ascending  ramus,  best  by  tor- 
sion. Next,  we  still  have  to  incise  the  stylopharyngeus  and  styloglossus 
muscles.  The  hypoglossal  nerve  is  drawn  upward.  Only  in  case  of  ad- 
hesions to  the  tumor  must  this  nerve  be  sacrificed;  the  same  is  true  of 
the  lingual  and  of  the  glosso-pharyngeus  (resting  on  the  styloglossus 
muscle).  After  removal  of  the  tumor  far  in  healthy  tissue,  for  which 
purpose  Kocher  again  uses  freely  the  thermocautery,  the  mucosa  is  re- 
united as  well  as  possible,  but  the  external  wound  is  packed  with  iodo- 
form gauze  and  left  open.    Feeding  is  effected  by  means  of  a  soft 
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oesophageal  tube,  emerging  from  the  pharynx  through  the  lower  angle 
of  the  wound  and  well  wrapped  in  gauze  in  the  region  of  the  wound. 

Kocher  describes,  under  the  name  of  mediolateral  pharyngotomy,  an 
operation  in  which  a  lateral  incision  into  the  pharynx  is  added  to  a  par- 
tial subhyoid  pharyngotomy.  Incision  as  for  the  latter  operation,  but 
only  on  the  healthy  side,  and  extending  about  3  or  4  cm.  beyond  the 
median  line ;  then  vertical  incision  through  the  skin  and  fascia,  along  the 
median  line  on  the  thyroid  and  cricoid  cartilages  down  to  the  isthmus 
of  the  thyroid  gland.  Next  subhyoid  pharyngotomy,  but  only  on  the  dis- 
eased side,  drawing  down  of  the  epiglottis  which  is  deviated  toward  the 
healthy  side,  splitting  of  the  hyothyroid  membrane  vertically  down  to 
the  edge  of  the  thyroid  cartilage.  This  operation  is  particularly  suit- 
able, according  to  Kocher,  for  cases  of  pharyngeal  carcinoma  in  the  region 
of  the  sinus  pyriformis  encroaching  on  the  arytenoid  cartilages  and  the 
oesophagus  behind  the  cricoid. 

Suprahyoid  Pharyngotomy.  (Description  following  that  of  Hoff- 
mann, of  Hacker^ s  clinic.) 

The  patient  is  placed  in  such  a  position  that  the  head  overhangs  a 
little  the  edge  of  the  table,  and  the  body  slopes  toward  the  feet.  Trans- 
verse incision  above  the  hyoid  bone,  about  12  cm.  long,  through  the  skin, 
platysma,  and  fascia.  Division  of  the  muscles  ascending  from  the  hyoid 
bone,  mylohyoidei,  genioglossi,  and  medial  part  of  the  hyoglossi,  in  such 
a  way  as  to  leave  muscular  stumps  attached  to  the  hyoid  bone  for  the 
ulterior  suture.  The  submaxillary  glands  are  pressed  backward  by 
means  of  a  blunt  retractor,  both  hypoglossal  nerves  and  lingual  veins  are 
sought,  found,  and  pushed  out  of  the  way.  Next  the  intermediate  ten- 
don of  the  digastric  is  separated  from  the  hyoid  bone.  The  lingual  ar- 
teries are  easy  to  protect  against  injury.  The  mucous  membrane  of  the 
pharynx  is  incised  transversely,  while  the  fingers  introduced  in  the  mouth 
push  it  toward  the  external  wound.  So  as  to  widen  the  relatively  small 
gap — the  hyoid  bone  is  still  held  in  place  by  the  sty lohyoidei,  hyopharyngei 
and  the  remaining  lateral  parts  of  the  hyoglossi,  and  by  them  is  prevented 
from  sinking  downward— blunt  hooks  draw  the  lateral  walls  of  the 
pharynx  backward  and  the  base  of  the  tongue  forward.  Then,  owing 
to  the  extensibility  of  the  pharyngeal  tube,  we  can  see  very  well  the 
mesopharynx  (buccal  part  of  the  pharynx).  If,  now,  the  hook  that  al- 
ready draws  the  tongue  forward,  catches  in  addition  the  soft  palate,  we 
inspect  as  well  the  whole  nasal  part  of  the  pharynx,  the  anterior  and 
upper  parts  of  the  cervical  vertebrae,  the  upper  recess  of  the  pharynx 
and  the  choanae;  the  pharyngeal  tonsils  and  the  mouths  of  the  Eustachi- 
an tubes  become  just  as  accessible.  This  operation  applies  also  for 
tumors  arising  from  the  base  of  the  skull  and  developing  considerably 
in  the  back  part  of  the  nasal  fossae  and  the  upper  pharynx  (naso-pharyn- 
geal  fibroids).  To  gain  a  still  better  access  to  the  base  of  the  skull, 
Hoffmann  splits  through  the  pharyngotomy  wound  the  soft  palate  and 
the  muco-periosteal  lining  of  the  hard  palate  in  the  median  line,  raises 
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the  latter  from  the  bone  on  both  sides,  and,  when  necessary,  removes 
also  parts  of  the  hard  palate  and  of  the  vomer.  The  base  of  the  skull  is 
then  examined  freely  in  its  surface  corresponding  to  the  roof  of  the 
•  pharynx  and  also  in  that  corresponding  to  the  posterior  part  of  the  nasal 
fossse.  The  hypophysis  cerebri  also  can  be  reached  through  such  a  supra- 
hyoid pharyngotomy. 

2.   Oesophagotomy  (Fig.  354). 

Exposure  of  the  oesophagus  through  the  neck  is  most  frequently  un- 
dertaken for  foreign  bodies  which  cannot  be  extracted  by  Ihe  natural 
channels  by  means  of  hooks  (suitable  for  coins  or  fishbones),  or  of  forceps 
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under  the  control  of  the  cesophagoscope,  or  cannot  be  pushed  down  into 
the  stomach.  It  is  convenient  to  introduce  an  cesophageal  tube  before 
beginning  oesophagotomy;  general  anesthesia  is  not  indispensable  in 
adults,  but  urgently  advised  in  children.  Incision  on  the  left  side  of 
the  neck,  beginning  about  1  cm.  above  the  cricoid  cartilage,  and  follow- 
ing the  groove  between  the  stemo-cleido-tnastoid  muscle  and  the  trachea 
down  to  the  sternal  insertion  of  the  muscle;  this  incision  divides  the 
skin,  the  platysma,  and  the  fascia,  which  is  incised  along  the  border  of 
the  sternothyroid  muscle.    The  vascular  sheath  remains  unopened  and, 
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together  with  the  stemo-cleido-mastoid  muscle,  is  drawn  outward  and 
backward  by  means  of  a  blunt  retractor.  In  case  of  very  short  neck  and 
enlarged  thyroid  gland,  it  may  eventually  become  necessary  to  cut  across 
the  sternal  head  of  the  stemo-cleido-mastoid  muscle.  The  superior  thy- 
roid artery  running  parallel  with  the  carotid  has  also  eventually  to  be 
ligated.  The  omohyoid  muscle  may  be  deflected,  either  upward  or  down- 
ward, or  severed.  Often  we  must  also  ligate  the  inferior  thyroid  artery. 
Dull  dissection  along  the  lateral  border  of  the  thyroid  gland  leads  us 
into  the  depth;  the  thyroid  gland  and  the  trachea  are  drawn  by  blunt 
retractors  toward  the  middle  line.  All  bloodvessels  crossing  the  operative 
field  are  doubly  ligated  and  severed.   Behind  the  windpipe,  directly  in  front 

of  the  cervical  column,  appears  the  oesophagus  flat- 
tened from  behind  forward  and  easily  recognizable 
by  its  pale  red  longitudinal  muscular  fibres.  The 
oesophagus  begins  on  about  a  level  with  the  lower 
edge  of  the  cricoid  cartilage  (body  of  the  sixth  cer- 
vical vertebra)  and  can  be  explored  through  the  neck 
almost  down  to  the  third  dorsal  vertebra.  In  the 
groove  between  the  oesophagus  and  the  trachea  runs 
the  inferior  laryngeal  nerve  which  must  be  carefully 
protected  against  injury.  Two  loops  of  silk  are 
passed  through  the  oesophageal  walls  near  the  site  of 
the  contemplated  incision,  so  that  a  transversal  fold 
_^  _^      may  be  lifted  up.    This  fold  is  incised,  whereupon, 

Ef  ^^^ffl^^ft     as  a  rule,  the  gray-whitish  mucosa  which  is  only 

loosely  connected  with  the  muscular  coat  yields  be- 
fore the  knife  and  has  to  be  divided  separately.  Be 
careful  not  to  let  the  instruments  wander  between 
the  muscular  coats  and  the  easily  detached  mucosa.  After  the  oesoph- 
agus has  been  opened,  its  walls  are  fastened  (mucosa  inclusive)  by 
means  of  hemostatic  clamps  or  of  silk  loops,  and  the  inner  surface  of 
the  canal  can  be  easily  palpated  upward  and  downward.  The  oesophagus 
is  extraordinarily  extensible  and  several  centimetres  of  its  thoracic  part 
may  be  easily  drawn  out  through  the  upper  orifice  of  the  thorax  owing 
to  this  elasticity.  Small  segments  of  the  oesophagus  may  also  be  resected 
transversely  and  both  ends  sutured  again  (see  below).  The  longitudinal 
incision  is  reunited  by  a  double  row  of  sutures;  first  a  fine  catgut  stitch 
taking  the  muscular  coats  and  the  mucosa  close  to  the  edge  is  placed  in 
each  angle,  upper  and  lower  (see  Fig.  355,  A,  after  the  placing,  and  Ai, 
after  the  tying  of  the  stitch) .  The  ends  of  the  thread  are  left  long, 
and  by  pulling  on  them  upward  and  downward  respectively  the  oesopha- 
geal coats  are  raised  in  a  longitudinal  fold.  The  intermediate  segment  of 
the  wound  is  then  united  with  similar  stitches ;  and  over  this  tier  of  su- 
tures another  is  made,  as  for  a  Lembert  intestinal  suture,  taking  in  the 
muscular  fibres  on  each  side  of  the  first  line  of  sutures  and  infolding 
them  in  the  depth  when  the  knots  are  tied  (Fig.  355.  J5,  before  and  Bu 
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are  little  by  little  drawn  into  the  subcutaneous  tissue  and  detached  from 
the  surrounding  parts  through  a  transversal  incision  behind  the  stemo- 
cleido-mastoid  on  a  still  hair-covered  part  of  skin,  will  be  omitted  here. 
I  cannot  believe  that  a  thorough  removal  of  adherent  lymphatic  tumors 
without  danger  of  injuring  the  surrounding  structures  is  possible  by  this 
method.  Anyway  a  great  skill  and  thorough  familiarity  with  the  pro- 
cedure, such  as  DoUinger  himself  only  possesses,  are  required.  Here 
as  in  other  parts  of  the  body,  Kocher  demands,  from  a  cosmetic  point  of 
view,  that  we  incise  in  the  direction  of  the  skin  wrinkles:  consequently 
that  we  choose  principally  transverse  incisions  and  several  short  incisions 
parallel  with  the  skin  folds  preferably  to  a  single  long  cut ;  he  insists 
particularly  that  we  should  drop  for  good  the  older  methods  of  incision 
along  the  anterior  or  posterior  border  of  the  stemo-cleido-mastoid.  This 
claim  is  decidedly  justified,  but  the  beginner  will  always  find  his  way 
best  through  an  incision  on  the  anterior  border  of  the  muscle  and,  in 
case  the  tumors  are  small,  will  succeed  through  a  small  incision  without 
much  disfigurement  An  essential  requisite  of  the  incision  is  that  it 
should  spare  muscles,  bloodvessels,  and  nerves  and,  nevertheless,  give 
a  good  view.  The  stemo-cleido-mastoid  covers  the  larger  part  of  the 
operative  field;  we  may  get  rid  of  it  either  by  strongly  drawing  it  aside 
(this  lateral  retraction  can  go  very  far)  or  cutting  it  through  transversely 
above  or  below  the  point  of  entrance  into  the  muscle  of  the  fibres  of  the 
spinal  nerve,  which,  coming  from  above,  crosses  its  deep  surface  ob- 
liquely a  little  above  its  middle  and  thence  runs  obliquely  outward  and 
downward  to  the  cucullaris.  This  nerve  is  the  chief  source  of  trouble  as 
it  is  covered  by  the  mass  of  glands  or  goes  through  the  latter,  and  is  more 
or  less  adherent  and  not  plainly  visible.  It  i^  best  to  free  it  above  the 
mass  of  lymph  glands  and  there  it  is  easily  recognized  by  the  fact  that 
touching  it  provokes  twitching  of  the  shoulder.  In  less  danger  are  the 
superior  laryngeal  nerve  (see  about  Pharyngotomy) ,  the  hypoglossus  (see 
Ligation  of  lingual  artery) ,  the  vagus  (see  Ligation  of  carotid  artery) ,  the 
phrenic,  which  lies  far  back  on  the  scaleni  and  is  seldom  seen,  and  the 
recurrent  (see  Goitre  operations).  Above,  below  the  angle  of  the  jaw, 
[still  run  a  few  buccal  ramifications  of  the  facial  nerve,  injury  to  which 
is  followed  by  drooping  of  the  angles  of  the  mouth.  If  we  stop  the  in- 
cision 2  or  3  Cm.  away  from  the  angle  of  the  jaw,  these  nervous  filaments 
are  not  endangered. 

Among  superficial  veins,  we  have  to  consider  the  external  jugular 
(see  Topography  of  the  neck,  page  103),  among  deeper,  the  common  facial 
and  the  internal  jugular  which  generally  meet  below  the  point  of  bifur- 
cation of  the  carotid  and  must  almost  always  be  exposed  completely  dur- 
ing extirpations  of  lymphatic  glands.  The  internal  jugular  lies  lateral 
to  the  common  carotid  and  is  very  frequently  rather  firmly  adherent  to 
the  glands.  The  threatening  dangers  after  wounding  of  a  vein  are  hem- 
orrhage and  aspiration  of  air.  Hemorrhage  may  be  ^verted  by  careful 
work,  clamping  collateral  branches  before  severing  them,  blunt  prepara- 
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tory  dissection,  during  which  we  must  always  remember  that  the  thin 
venous  wall  may  be  drawn  out  very  far  in  diverticula;  if  need  be,  resort 
to  lateral  ligation  or  venous  suture  or,  but  only  in  case  of  necessity,  to 
transversal  ligation  above  and  below  the  bleeding  point.  Ligation  of 
the  internal  jugular  close  below  the  base  of  the  skull  is  difficult.  Bleed- 
ing in  this  point,  which  can  be  tremendous  and  in  a  short  time  flood 
the  whole  operative  field,  can  frequently  be  stopped  by  packing.  The 
characteristic  hissing  sound  oi  aspiration  of  air  into  the  veins  will  never 
be  forgotten  by  anybody  who  has  heard  it  once.  It  calls  for  immediate 
placing  of  a  finger  or  a  gauze  compress  on  the  bleeding  point  and  quick 
clamping.  Whenever  a  large  bloodvessel  of  the  neck  is  seriously  endan- 
gered, we  may  also  as 
a  precautionary  measure 
pass  a  thread  around  it, 
so  as  to  be  ready  for  any 
emergency.  It  is  con-r 
venient  to  free  first  the 
vem  outside  of  the  mass 
of  glands,  consequently 
lower  in  the  neck  in  most 
cases,  and  to  work  pro- 
gressively upward  and 
downward  along  the  vein. 
The  arteries  cause  us  less 
worry,  provided  we  work 
always  under  the  control 
of  the  eye  and  do  not  cut 
around  in  the  depth  and 
in  the  dark  with  the  point 
of  the  knife  or  scissors. 
Careful  hemostasis  is  ab- 
solutely imperative,  on 
account  of  the  looseness 
of  the  connective  tissue 
of  the  neck  which  allows  large  hematomata  to  collect:  all  the  more  be- 
cause we  cannot  rely  on  compressive  bandages  which  may  not  be  applied 
on  the  neck.  But  it  is  always  good  to  drain  for  a  few  days  through  the 
lower  and  posterior  part  of  the  wound ;  if  need  be,  through  a  specially 
made  drain-hole.  Never  put  a  drain  in  direct  contact  with  bloodves- 
sels; if  compelled  to  do  it,  wrap  the  tube  in  iodoform  or  sterile  gauze. 

There  is  still  a  structure  to  remember,  and  which  is  imperilled  in 
operations  oh  the  left  lower  cervical  triangle,  namely  the  thoracic  dact: 
unfortunately  in  case  of  adherent  glands,  injury  to  the  latter  is  extremely 
difficult  to  avoid.  This  duct  emerges  through  the  upper  orifice  of  the 
thorax,  passes  over  the  subclavian  artery,  the  thyro-cervical  axis,  be- 
hind the  jugular  vein,  and  opens  into  the  left  angulus  venosus,  the  ctm- 
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fluent  of  the  left  internal  jugular  and  subclavian  veins.  The  outflow  of 
chyle  from  the  wounded  duct  is  a  very  disagreeable  incident,  seldom 
noted  at  the  time  of  operation.  Eventually,  the  wound  has  to  be  re- 
opened and  tightly  packed.  Finding  the  slit  in  the  duct  wall  is  very 
diflftcult,  passing  a  ligature  around  it  with  a  needle  dangerous  on  account 
of  the  numerous  bloodvessels  and  nerves  in  the  vicinity.  In  most  cases, 
the  flow  yields  to  packing  after  a  few  days,  but  some  patients  have  died 
from  inanition  as  a  sequel  to  the  loss  of  chyle. 

In  Fig.  357,  are  presented  a  few  of  the  most  usual  incisions  for  oper- 
ations on  the  neck.  The  mastoid  process  (PM),  the  anterior  and  pos- 
terior borders  of  the  stemo-cleido-mastoid,  the  angle  of  the  lower  jaw, 
the  larynx,  the  clavicle,  and  the  lateral  border  of  the  cucullaris  are  out- 
lined. The  upper  incision  is  Kocher's,  to  expose  the  submaxillary  region 
and  the  upper  triangle  of  the  neck.  It  begins  on  the  stemo-cleido-mas- 
toid muscle  and  runs  on  the  neck  parallel  with  the  border  of  the  lower 
jaw  at  the  level  of  the  hyoid  bone  to  the  middle  of  the  latter,  and  eventu- 
ally farther.  The  incision  next  below  is  Kilttner's,  for  exposure  of  the 
upper  cervical  triangle  and  of  the  space  situated  below  the  stemo-cleido- 
mastoid  muscle  down  to  the  clavicle.  It  starts  one  or  two  fingers'  breadth 
below  the  mastoid  process  (figured  a  little  too  deep  in  the  drawing)  and 
extends  backward  to  two  or  three  fingers'  breadth  behind  the  process, 
curves  on  a  level  with  the  angle  of  the  jaw  along  the  anterior  border  of 
the  stemo-cleido-mastoid  muscle  which  it  follows  down  to  the  supra- 
sternal notch.  The  muscle  is  divided  across  above  the  entrance  of  the 
accessory  nerve  and  is  ulteriorly  stitched  with  catgut.  The  lower  in- 
cision is  that  proposed  by  de  Qiiervain  to  expose  the  lower  triangle  of 
the  neck.  It  follows  the  anterior  border  of  the  stemo-cleido-mastoid 
muscle  from  the  level  of  the  hyoid  bone  downward,  curves  to  pass  across 
the  sternal  head  of  the  muscle  and  thence  runs  along  the  upper  border 
of  the  collar-bone  to  the  cucullaris  muscle.  The  stemo-cleido-mastoid  is 
divided  across  near  its  lower  insertion.  Kocher  uses  essentially  incisions 
parallel  with  those  described,  but  also  fairly  parallel  with  the  border  of 
the  clavicle. 

5.   Operations  on  the  Trachea  and  Larynx 

Intubation  after  O'Dwyer's  Method. 

The  set  of  instruments  includes  a  mouth-gag  (Fig.  23,  on  p.  31),  a 
set  of  intubation  cannulae,  an  introductor  (Fig.  359),  and  an  instrument 
to  extract  the  cannula  (Fig.  360).  Tubes  I  and  II  are  for  children  one 
or  two  years  old.  III  for  children  three  or  four  years  old,  IV  for  chil- 
dren between  five  and  seven,  V  for  those  between  eight  and  twelve 
years.  As  helpers,  we  need  a  person  to  hold  the  child  on  her  lap  and 
immobilize  his  arms,  one  to  hold  from  behind  the  head  slightly  bent  for- 
ward, and  one  to  hold  the  gag.  The  tube  is  armed  with  a  long  and  strong 
silk  loop  threaded  in  the  hole  of  its  crown,  and  adjusted  on  the  intubator 
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so  that  the  same  crown  is  turned  backward.  The  left  forefinger  is  intro- 
duced into  the  pharynx  along  the  tongue,  hooks  the  epiglottis  and  feels 
the  arytenoid  cartilage;  the  right  conducts  the  intubator  carrying  the 
tube  exactly  along  the  median  line  into  the  pharynx,  till  the  tip  of  the 
tube  touches  the  nail  of  the  left  forefinger.  Then  the  tube  is  brought 
around  on  the  palmar  side  of  the  finger.  If  the  tube  has  been  kept 
exactly  in  the  median  line,  it  must  then  be  between  the  epiglottis 
and  the  arytenoid  cartilages.  Raising  the  handle  of  the  introductor 
makes  the  tube  glide  into  the  larynx.  The  left  forefinger  is  then  with- 
drawn a  little,  feels  the  crown  of  the  tube,  and  presses  the  latter  down 
into  the  larynx  until  the  crown  fits  between  the  arytenoid  cartilages. 
Air  must  stream  in  at  once.  Thereupon  the  intubator  is  withdrawn. 
The  tube  lies  now  in  the  larynx  firmly  surrounded  and  fixed  by  the  walls 
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of  the  latter.  The  silk  thread  is  left  long  and  is  fastened  on  the  ear 
and  stuck  on  the  cheek  with  a  piece  of  adhesive  plaster.  The  tube  is 
removed  after  two  or  three  days  if  it  has  not  already  been  coughed  out 
Many  remove  it  with  the  help  of  an  extubator  (Fig.  360) 

Tracheotomy. 

Tracheotomy  is  the  sovereign  method  to  restore  freedom  of  breathing 
in  cases  of  obstruction  of  the  Ixmien  of  the  larynx  by  inhaled  foreign 
bodies,  by  acute  edema,  inflammatory  processes  (particularly  diph- 
theritic), ulcerative  conditions  and  their  consequences  (cicatricial  steno- 
sis) ;  in  tumors  pressing  on  the  larynx  from  outside  or  obstructing  it 
within;  or  to  avoid  the  inflow  of  blood,  pus,  etc.,  during  operations  per- 
formed higher  along  the  tract.  It  is  one  of  those  operations  any  physician 
must  be  able  to  undertake  at  any  moment  even  without  help,  and  which 
he  can  carry  to  a  successful  end,  if  he  proceeds  methodically. 

Preliminary  Anatomical  Remarks  (Fig.  361). — Even  in  small  children 
having  a  short  and  fat  neck,  we  can  easily  palpate  the  hyoid  bone,  the  an- 
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tenor  crest  of  the  thyroid  cartilage  with,  on  its  upper  border,  the  thyroid 
notch,  and  the  cricoid  cartilage.  Farther  down,  the  sternal  notch  is  a  safe 
guide  to  keep  exactly  in  the  median  line.  The  trachea  is  covered  by  the 
skin,  the  fatty  tissue  and  the  raph6  between  the  two  sternohyoid  muscles : 
this  raph6  is  formed  by  the  superficial  and  the  middle  cervical  fasciae  (Fig. 
356,  on  page  344)  in  which  the  muscles  are  enclosed.  In  most  cases  a  small 
vein,  frequently  connected  by  transversal  anastomoses  with  the  neighbor- 
ing veins,  runs  over  the  fascia,  on  each  side  of  the  middle  line.  Do  not 
despise  these  veins;  however  trifling  they  may  seem  in  the  cadaver,  in 
asphyxic  patients  they  are  strongly  distended  and  can  bleed  enough  to 
flood  the  whole  field  of  operation. 
Directly  beneath  the  fascia,  we  find, 
above,  the  thyroid  and  cricoid  car- 
tilages, farther  down,  the  more  or 
less  broad  isthmus  of  the  thyroid 
gland,  from  which  sometimes 
stretches  upward  a  middle  lobe 
called  the  pyramidal  process;  still 
farther  down,  somewhat  more 
abundant  fatty  tissue  enclosing 
some  veins,  the  venae  thyroideae 
imae,  most  of  them  ascending  ver- 
tically, but  also  a  few  running 
transversally.  The  isthmus  is  a 
very  important  landmark  in  trache- 
otomy. We  distinguish  between 
high,  middle,  and  low  tracheotomy, 
according  to  whether  the  trachea 
is  slit  in  a  sagittal  plane  above, 
through,    or   below    the    isthmus. 

Each  of  these  techniques  has  its  special  advantages.  High  tracheotomy 
ireaches  the  windpipe  where  it  is  most  superficial,  and  therefore  is  the 
easiest  technically.  When  the  isthmus  is  very  broad,  we  must  split  it 
and  make  a  middle  tracheotomy.  Low  tracheotomy  finds  the  trachea 
farthest  away  from  the  larynx,  and  consequently  has  the  best  chances, 
in  processes  extending  downward,  to  open  it  below  the  stenosed  point; 
but  there  the  trachea  is  farthest  in  the  depth,  and  this  may  cause 
considerable  difficulty  for  a  beginner  in  case  of  a  short  and  fat  child's 
neck.    For  these  cases  high  tracheotomy  is  the  method  of  choice. 

Instruments. — A  pointed  and  a  bellied  knife,  slender  anatomical  and 
surgical  thumb  forceps,  one  or  two  pairs  of  scissors,  one  or  two  Bose 
small  wire  retractors  (Fig.  362),  two  Roser  hooks  (Fig.  110  on  page  92), 
three  sharp  fine  hooks,  a  blunt  Rose  retractor  (Fig.  363),  to  draw  the 
thyroid  gland  downward,  double  Luer  cannulae  of  assorted  sizes  (Fig. 
364) ;  in  case  of  low-lying  stenosis,  a  long  Koenig  spiral  spring  cannula, 
a  Nilaton  catheter  to  suck  out  the  mucus.     To  avoid    getting  any 
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mucus  into  the  mouth  while  sucking,  we  can  adjust  to  the  tube  a  glass 
appliance  as  represented  in  Fig.  366.  In  the  larger  balloon,  we  put  some 
5%  carbolic  solution ;  in  the  upper  and  smaller,  some  sterile  absorbent 
cotton.  Thus  the  aspirated  masses  of  mucus  empty  through  the  curved 
tube  into  the  liquid  of  the  large  balloon  and  do  not  reach  the  mouth  of 
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Fig.  366. 


the  surgeon.    I  have  used  this  little  apparatus  for  many  years  with  satis, 
faction. 

For  the  operation,  the  patient  is  placed  on  a  narrow  table.  A  helper 
stands  near  the  foot-end,  holds  the  arm  and,  if  need  be,  weighs  down 
the  legs  of  the  patient  with  the  upper  part  of  his  body.  Under  the 
shoulders  of  the  latter  is  slipped  a  rolled  bed-cloth,  so  as  to  have  the  head 
strongly  extended  backward,  to  lengthen  the  anterior  part  of  the  neck. 
A  second  helper  holds  the  head  on  both  sides  and,  in  case  of  necessity, 
administers  the  anesthetic.  It  has  been  my  experience  that  a  few  drops 
of  chloroform  are  very  well  tolerated  by  asphyxic  children.     In  full- 
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grown  subjects,  it  is  best  to  resort  to  Schleich'a  anesthesia.  The  oper- 
ator stands  to  the  right  side  of  the  patient,  and  with  the  thumb  and  fore- 
finger of  the  left  hand  stretches  the  skin  of  the  neck  without  making  it 
slide  laterally  on  the  underlying  structures.  Incision  exactly  in  the  middle 
line — the  head  must  be  rotated  neither  right  nor  left,  however  slightly — 


Fig.  367. 


from  the  notch  of  the  thyroid  cartilage  down  to  the  suprasternal  fossa, 
dividing  the  skin  and  fatty  tissue.  The  latter  is  pushed  a  little  aside  by 
means  of  a  compress,  so  that  a  good  view  is  obtained  of  the  raph€  be- 
tween the  sternohyoid  muscles  (see  Fig.  367,  on  the  left).  Transversal 
venous  radicles  are  doubly  clamped  and  cut.  Splitting  of  the  fascia 
exactly  in  the  raph^  in  the  midline:  the  fascia  is  first  lifted  in  a  trans- 
versal  fold,  a  small  incision  made  through  this  fold,  then  lengthened  on 
a  grooved  director  slipped  successively  upward  and  downward  underneath 
the  fascia.     Introduction  of  a  Bose  wire  retractor  into  the  fascial  slit 
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(see  Fig.  367,  middle).  Now,  we  palpate  the  cricoid  cartilage;  below  the 
latter  we  already  see,  in  most  cases,  the  glittering  surface  of  the  slightly 
blue-reddish  isthmus  of  the  thyroid  gland,  which  we  also  feel.  A  fascial 
layer  binds  it  upward  to  the  thyroid  cartilage.  This  strong  fascial  layer 
is  incised  transversely  above  the  thyroid  gland  in  the  direction  of  the 
white  line  shown  in  Fig.  367  (middle) ;  first  it  is  lifted  in  a  transversal 
fold  and  the  incision  is  lengthened  carefully  on  each  side,  so  as  to  avoid 
the  bloodvessels  that  may  exist  here.  With  Roser's  hook,  the  ligament 
above,  and  the  isthmus  of  the  thyroid  gland  below,  are  bluntly  stripped 
off  the  cricoid  and  the  windpipe,  and  Bose^s  retractor  is  reinserted  into 
the  new  fascial  slit  (see  Fig.  367,  on  the  right) .  If  now  we  draw  down- 
ward the  isthmus  of  the  thyroid  gland  by  means  of  a  blunt  Bose  hook, 
the  cricoid  cartilage,  and  above  the  latter  on  each  side,  the  cricothyroid 
muscle,  below,  the  two  or  three  first  tracheal  rings,  are  exposed.  The 
finger  palpates  exactly  once  more  these  structures.  The  windpipe  is  now 
caught  on  each  side  of  the  middle  line  with  a  sharp  hook,  drawn  for- 
ward and  immobilized ;  this  is  very  essential  on  account  of  the  strong 
ascent  and  descent  of  the  larynx.    The  surgeon  himself  holds  in  his  left 

hand  the  hook  applied  on  the  right  side,  the 
assistant  that  on  the  left  side. 

The  trachea  i«  next  opened  by  a  thrtut 
of  the  pointed  knife  given  quickly,  to  avoid 
detaching  the  mucosa  and  going  astray  between 
the  latter  and  the  cartilage.  The  dotted  line  on 
Fig.  367  shows  the  direction  of  the  tracheal  in- 
cision. The  cutting  edge  of  the  knife  is  turned 
toward  the  head,  so  as  to  prevent  injury  to  the 
isthmus  of  the  thyroid  gland  (Fig.  368).  Two 
or  three  tracheal  rings  are  incised.  Once  the 
windpipe  is  opened,  a  third  small  hook  is  hooked 
into  the  slit,  first  on  the  left  side,  and  handed  to 
the  helper;  then  the  hook  previously  holding  the 
left  side  of  the  wall  of  the  trachea  is  removed, 
passed  through  the  right  edge  of  the  slit,  and 
the  one  holding  the  right-side  tracheal  wall  is 
altogether  removed.  Usually,  in  diphtheritic 
patients,  so  much  air  streams  in  during  the 
first  deep  inspiration  that  a  respiratory  pause  of 
about  half  a  minute  results.  If  we  see  through 
the  tracheal  wound  membranes  waving  to  and 
fro,  we  remove  them  with  an  S-curved  dressing 
forceps,  which  can  easily  be  introduced  down  to  the  bifurcation  of  the 
trachea.  I  have  then  extracted  whole  moulds  of  the  windpipe  and  bronchi. 
Frequently  violent  coughing  efforts  occur  which  powerfully  expel  mucus, 
secretions,  membranes,  and  the  foreign  body,  if  the  latter  was  the  cause 
necessitating  the  intervention. 
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Introduction  of  the  Cannula  (see  Fig.  369,  to  make  clear  the  mode 
of  introduction  of  the  cannula). — The  arrow  indicates  how  the  cannula 
must  be  rotated  to  glide  into  the  tracheal  slit.  The  head  of  the  cannula 
is  not  cut  off  straight,  but  a  little  obliquely,  so  that  it  is  a  little  longer 
on  the  convex  than  on  the  concave  side.  The  cannula  is  introduced,  the 
plate  being  first  held  sagittally  so  that  the  somewhat  wedge-shaped 
end  of  the  cannula  spreads  apart  the  edges  of  the  tracheal  wound  (see 
Fig.  369,  above).  As  soon  as  the  mouth  of  the  cannula  is  within  the 
trachea,  the  plate  is  brought  by  rotation  to  a  frontal  position  (Fig.  370). 
The  hooks  fastening  the 
tracheal  walls  are  then  re-  1^^^^^^^^^^""*^^%^ 
moved.     The  tracheal  slit  S*''**'*'"^!^^ 

must  not  be  made  too  small,  v::r::y         ^S^^ 

the  cannula  must  pass 
through  easily.  We  always 
sprinkle  the  wound  with 
iodoform ;  at  most  we  place 
a  narrowing  stitch  on  one 
or  the  other  end  of  the 
wound,  but  generally,  in 
diphtheritic  conditions  we 
do  not  suture  at  all.  A  long 
compress  of  iodoform  gauze, 
of  about  handkerchief  size, 
and  split  parallel  with  its 
long  side  to  its  middle,  is 
slipped  under  the  plate 
of  the  cannula;  the  latter 

itself  is  fastened  by  sterilized  cotton  threads  passing  through  its  eyes 
and  carried  backward  around  the  neck.  Over  all,  a  layer  of  gauze 
moistened  with  salt  solution  is  still  applied.  Do  not  forget,  in  the  after- 
treatment,  to  give  liberal  inhalations  of  saline  solution.  For  cleaning 
the  cannula,  the  inner  tube  alone  is  withdrawn.  In  diphtheritic  processes, 
I  seldom  leave  the  cannula  in  place  for  more  than  three  or  four  days,  and 
generally  remove  it  on  the  third  day ;  and  to  this  I  attribute  the  fact  that 
I  have  had  very  rarely  any  trouble  at  the  time  of  removal.  If  we 
have  used  a  cannula  provided  with  an  aperture  on  the  convexity  of  its 
outer  tube,  we  may  remove  temporarily  the  inner  tube  and  close  the 
other  with  a  cork.  We  can  then  ascertain  whether  the  upper  aerial  tract 
is  already  free  enough  to  permit  removal  of  the  cannula.  Always  remove 
the  latter  in  the  morning  and  entrust  with  this  work  a  person  who 
enjoys  the  confidence  of  the  child.  This  is  an  essential  requisite  for 
quieting  the  child;  and  I  have  also  found  that  when  trouble  arises 
after  removal  in  the  after-treatment  of  tracheotomized  children,  the 
attending  nurse  or  orderly  contributes  for  a  great  part  to  the  ultimate 
good  result. 


••• 


Fig.  369. 


Fig.  870. 
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Low  tracheotomy  (see  Fig.  371)  is  in  the  main  executed  as  that 
described  above,  but  the  incision  is  made  deeper  in  its  lower  part,  and, 
above,  does  not  extend  beyond  the  cricoid  cartilage.  Careful  avoidance 
of  the  median  veins,  or  ligature  above  and  below;  division  with  a  sharp 
instrument  of  the  superficial  fascia,  blunt  dissection  through  the  there 
abundant  fatty  tissue,  which  is  easily  dilacerated  by  means  of  an  anar 
tomical  thumb  forceps  or  with  Roser  hooks.  This  blunt  dissection  in 
the  depth  is  very  important.  Both  layers  of  the  superficial  fascia  are 
divided,  and  the  thin  membrane  the 
middle  cervical  fascia  sends  in 
front  of  the  windpipe  is  easily  torn 
between  two  anatomical  thumb  for- 
ceps. Spare  with  particular  care 
the  vense  thyroide*  imae  which  run 
along  the  median  line  or  on  each 
side  of  the  latter.  Above,  free 
carefully  the  isthmus  of  the  thy- 
roid gland,  and  draw  it  upward  a 
little  with  Rose's  blunt  hook  (Fig. 
363),  If  we  see  then  the  rings  of 
the  trachea,  we  hook  the  windpipe 
on  both  sides  of  the  median  line,  as 
said  above,  and  stab  with  the  point 
of  the  knife,  cutting  edge  directed 
toward  the  face  so  as  not  to  wound 
the  vena  anonyma  which  in  as- 
phyxic  patients,  bulges  strongly 
through  the  upper  orifice  of  the 
thorax.  For  the  same  reason,  par- 
ticular attention  must  be  paid  to 
freeing  of  the  soft  parts  in  the 
depth  above  the  suprasternal  notch. 
The  left  index  finger  may  also  be 
Fig.  371.  introduced  in  the  lower  angle  of  the 

wound  to  draw  the  latter  down- 
ward and  protect  the  structures  in  the  upper  aperture  of  the  chest. 
Low  tracheotomy  is  easier  in  children  than  in  adults,  because  in  them 
the  larynx  is  higher. 

Middle  Tracheotomy. —  If  the  isthmus  of  the  thyroid  gland  has  to 
be  divided,  expose  first  its  upper  and  lower  borders  and  encircle  it  on 
each  side  of  the  middle  line  either  by  a  back-stitch  suture  (see  Heiden^ 
hain's  suture  about  operations  on  the  skull,  Fig.  268,  on  page  258),  or  by 
a  number  of  interrupted  sutures,  or  place  on  each  side,  after  freeing  also 
bluntly  the  posterior  surface,  a  Kocher  goitre  clamp  and  divide  between 
them  (see  later). 

Cricotracheotomy  is  but  a  modification  of  high  tracheotomy  in  which 
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the  cricoid  cartilage  is  incised,  and  the  trachea  need  be  split  below  only 
for  a  corresponding^ly  shorter  length. 

In  case  of  deep  tumors  pressing  on  the  windpipe,  and  in  which  con- 
sequently the  tracheotomy  wound  remains  on  this  side  of  the  obstacle, 
specially  shaped  cannulge  are  necessary.  In  such  cases,  we  must  use 
Koenig's  spiral  spring  cannula  (see  Fig.  365),  which  may  remain  in  situ 
for  months  without  causing  ulceration.  Among  the 
numerous  other  cannula,  I  shall  still  mention  Schim- 
meUmsch's  (Fig.  372).  the  construction  of  which  is 
made  sufficiently  clear  by  Fig.  373.  We  use  it  often 
after  transversal  resection  of  the  trachea  for  strict- 
ures. The  introduction  of  the  upper  spiral  spring 
'segment  is  oftentimes  very  difficult.  In  many  cases 
I  succeeded  with  the  Httle  trick  indicated  in  Fig. 
374.  A  suitably  bent  tin  sound  is  passed  through  Pic.  S72.— inat  size, 
the  mouth  and  the  larynx  to  the  tracheotomy 
wound;  on  the  beak  of  the  sound  a  thin  Nilaton  catheter  is  adjusted, 
and  on  the  funnel  of  the  catheter  the  spiral  spring  part  of  the  can- 
nula, as  represented  on  Fig.  374,  on  the  right.     Then  the  spiral  spring 


Fig.  373. 


Fia.  374. 


end  is  introduced  till  it  strikes  against  the  posterior  tracheal  wall,  the 
catheter  which  is  maintained  solidly  at  ita  funnel  end  is  sharply  drawn 
forward  so  that  the  intratracheal  part  of  the  cannula  bends  upward.  The 
cannula  follows.  The  introduction  of  the  lower  segment  in  the  lower  part 
of  the  trachea  is  then  always  very  easy. 

Laryngotomy. 

Splitting  of  the  larynx  is  performed  for  diagnostic  purposes,  to  ascer- 
tain the  extent  of  an  intralaryngeal  growth,  which  is  by  no  means  always 
possible  by  laryngoscopy;  for  impacted  foreign  bodies  of  the  larynx 
which  cannot  be  removed  by  tracheotomy  or  per  viae  naturaies ;  In  in- 
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juries,  crushings,  fractures,  bums  by  caustic  liquids,  stenoses  consecu- 
tive to  ulcerative  processes  (lues,  diphtheria),  in  severe  tuberculosis  of 
the  larynx,  multiple  papillomata,  and,  finally,  in  malignant  tumors.  There 
is  no  unanimous  consent  about  the  necessity  of  having  recourse  to  special 
preliminary  operations  to  prevent  the  flowing  in  of  blood  and  secretion 
into  the  trachea.  Some  introduce  Trendelenburg's  tampon  cannula  or 
Hahn's  pressed  sponge  cannula  (see  Figs.  299  and  301  on  page  291),  others 
prefer  simple  prophylactic  tracheotomy  with  an  ordinary  cannula,  others 
still  divert  the  blood  and  secretion  toward  the  mouth  by  Rose's  hanging 
head  position.  Bleeding  can  be  reduced  to  a  minimum  by  swabbing  the 
mucosa  with  2%  novocain-suprarenin  solution.  General  anesthesia  is 
now  dropped  for  most  cases ;  some  operate,  as  does  Bruns,  during  scopo- 
lamin-morphin  sleep  and  anesthetize  only  the  mucosa  by  swabbing  it 
with  cocain,  others  anesthetize  the  skin  by  any  method  of  local  anes- 
thesia and  proceed  in  the  depth  under  Schleich's  infiltration  analgesia. 
Some  also  interrupt  conduction  through  the  superior  laryngeal  nerve  by 
an  injection  of  novocain  solution  2  cm.  away  from  the  median  line  be- 
tween the  greater  comu  of  the  hyoid  bone  and  the  cornu  of  the  thyroid 
cartilage  (after  Kocher  and  Frey,  Archiv.f.  LaryngoL,  B.  18). 

The  best  advice  for  most  cases  is  to  operate  in  the  hanging  head  posi- 
tion. Incision  along  the  middle  line  from  the  upper  border  of  the  hyoid 
bone  downward  to  the  suprasternal  notch,  or,  at  least,  to  below  the 
isthmus  of  the  thyroid  gland.  Splitting  of  the  fascia  along  the  raph6 
between  the  sternohyoid  muscles  as  in  tracheotomy.  A  good  way  is 
to  free  first  the  trachea  below  and  above  the  isthmus.  Clamping,  liga- 
ting,  and  dividing  the  isthmus  has  no  inconvenience,  and  it  enables  the 
surgeon  to  perform  at  any  time  high  or  low  tracheotomy.  Veins  running 
transversely  across  the  field  are  clamped  and  ligated,  those  running  lon- 
gitudinally are  drawn  aside.  The  splitting  of  the  larynx  (it  does  not 
matter  for  the  healing  whether  the  cricoid  is  divided  or  not;  the  latter 
heals  well  and  both  halves  fit  exactly  together  spontaneously)  is  best 
effected  from  below  upward;  the  first  tracheal  ring  is  incised  with  a 
pointed  knife,  just  as  for  a  tracheotomy,  the  edges  of  the  slit  spread 
apart  by  a  small  hook,  then  the  cricoid  cartilage  is  divided,  for  which 
purpose  Rose's  elbowed  scissors  (see  Fig.  47,  on  page  53),  are  very  con- 
venient. The  wound  being  always  kept  open  by  small  hooks,  so  as  not 
to  wander  with  the  blade  of  the  scissors  between  the  mucosa  and  the 
cartilage,  the  thyrocricoid  ligament  and  the  thyroid  cartilage  up  to  its 
notch  are  divided,  whereupon  the  cricothyroid  branch  of  the  superior 
thyroid  artery,  which  anastomoses  with  the  neighboring  arteries,  must 
be  ligated  in  the  space  between  the  cricoid  and  the  thyroid  cartilages. 
If  a  still  wider  access  is  needed,  we  can  draw  above  a  transversal  incision 
perpendicular  to  the  longitudinal,  and  divide  here  the  structures  as  for 
subhyoid  pharyngotomy,  either  on  one  or  both  sides;  then  sever  trans- 
versely more  or  less  completely  the  hyothyroid  ligament,  push  the  mu- 
cosa of  the  base  of  the  tongue  in  front  of  the  epiglottis,  incise  it,  draw 
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the  epiglottis  downward  by  means  of  a  pointed  hook,  and  split  it  in  the 
middle  line.  Then  we  have  an  excellent  view  of  the  larynx  and  can 
undertake  any  operation  therein.  The  mucous  membrane  is  kept  anes- 
thetized by  frequent  swabbing  with  2%  novocain-suprarenin  solution, 
which  at  the  same  time  stops  the  bleeding.  In  malignant  growths  not 
involving  the  cartilage,  the  mucous  membrane  is  incised  all  around  the 
tumor  in  sound  tissue — Kocher  uses  for  this  the  Paquelin — and  the  tumor, 
together  with  its  collarette  of  mucosa,  is  separated  by  blunt  dissection 
from  the  subjacent  structures.  Multiple  papillomata  are  removed  and 
the  implantation  escharified  by  means  of  the  thermocautery.  The  epi- 
glottis is  sutured  again,  and  also  the  mucosa  of  the  base  of  the  tongue 
(catgut).  In  case  of  large  tumors,  especially  vascular,  it  is  certainly 
better  to  imitate  Gluck:  pack  the  larynx  with  iodoform  gauze,  make  a 
low  tracheotomy,  and  bring  out  the  packing  strips  through  the  lower 
part  of  the  wound,  above  the  cannula;  the  packing  is  removed  after  two 
or  three  days,  the  cannula  after  four  or  five.  From  his  own  experience, 
Brujia  recommends  always  to  proceed  in  that  way.  The  skin  wound  is 
sutured  down  to  its  lower  angle.  The  packing  and  tracheotomy  safely 
prevent  emphysema,  aspiration,  and  bleeding.  If  no  packing  is  left,  the 
patients  must  sleep  with  the  head 
low,  and  in  daytime  get  out  of 
bed:  the  coughing  reflex  expels 
then  the  secretions. 

Hetnilaryngectomy     after 
Clack. 

Median  incision  from  the 
hyoid  bone  to  the  lower  border 
■of  the  cricoid  cartilage.  Trans- 
versal incisions,  one  above,  one 
below,  on  the  diseased  side,  each 
4  cm.  long.  Dissection  of  the 
thus  limited  skin  flap  which  is 
turned  outward  so  as  to  expose 
the  border  of  the  stemo-cleido- 
mastoid  muscle.  Denudation  of 
the  diseased  half  of  the  larynx 
(see  Fig.  375),  clamping  of  the 
superior  laryngeal  artery  before 
its  entrance  into  the  larynx,  nip- 
ping off  of  the  greater  comu  of 
the  hyoid  bone  at  the  same  level 
and  ligation  of  the  artery.  De- 
tachment of  the  posterior  surface 
of  the  larynx  till  the  midline  is  reached.  Then  low  tracheotomy  or  hang- 
ing head  position.  Splitting  of  the  whole  larynx,  beginning  at  the  thy- 
roid notch.     Splitting  of  the  hyothyroid  membrane  on  the  diseased  side 


Fig.  375. 
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and  of  the  mucosa  to  the  posterior  median  line,  then  of  the  ligament 
and  of  the  mucosa  between  the  cricoid  cartilage  and  the  upper  tracheal 
ring  equally  to  the  posterior  median  line,  care  being  taken  not  to  wound 
the  oesophagus.  Next  longitudinal  incision  in  the  posterior  median  line. 
The  plastic  skin  flap  is  folded  in  the  infundibuliform  wound  and  sutured 
with  the  posterior  mucosa  of  the  remaining  half  of  the  larynx  and  that 
of  the  sinus  pyriformis.  A  second  smaller  tongue-shaped  flap  with  its 
base  upward,  and  taken  from  the  hyoid  region,  serves  to  close  the  upper 
part  of  the  wound  cavity.  Prior  to  the  operation,  a  feeding  tube  has 
been  introduced  through  the  nose.  Iodoform  gauze  packing  of  the  laryn- 
geal cavity,  which  remains  permanently  open,  but  this  ought  not  to  have 
any  disadvantage.  After  opening  the  larynx,  Gluck  uses  for  anesthesia 
and  hemostasis  the  following  solutions: 

Cocain,  anti pyrin &&      5 

Aquae  destil 100 

Acid,  carbol 1 

or 

5%  cocain  solution  in  1%  adrenalin  solution. 

The  mucosa  is  swabbed  with  these  solutions  after  the  larynx  has  been 
opened.  For  anesthetization  of  the  territory  of  the  superior  laryngeal 
nerve,  see  above. 

Total  Extirpation  of  the  Larynx  after  v.  Bergmann. 

The  first  total  laryngectomy  was  performed  by  Billroth.  Anestheti- 
zation of  the  skin  of  the  neck  as  said  above,  anesthetization  of  the  deeper 
parts  by  Schleich's  infiltration  and  swabbing  of  the  tracheal  and  laryn- 
geal mucosae  with  the  previously  described  mixtures.  The  patient  is 
placed  head  strongly  hyperextended  as  for  tracheotomy.  Incision  along 
the  median  line  from  the  upper  border  of  the  hyoid  bone  to  the  supra- 
sternal pit,  and  freeing  of  the  larynx  and  trachea  as  for  laryngotomy  or 
tracheotomy.  Low  tracheotomy.  Freeing  of  the  isthmus.  In  case 
the  latter  is  very  broad,  it  is  divided  between  two  Kocher  clamps  or  cir- 
cumferential sutures  (Fig.  375) .  Introduction  of  a  Hahn  tampon  cannula, 
which  V.  Bergmann  prefers  to  the  Trendelenburg  model,  because  the  latter 
does  not  apply  as  hermetically  all  around  on  the  tracheal  walls.  Only  a 
short  time  may  elapse  between  the  immersion  of  the  pressed  sponge 
cannula  in  water  and  its  introduction  into  the  trachea,  as  otherwise  the 
sponge  is  already  too  swollen.  If  we  are  not  absolutely  sure  of  the  ex- 
tent of  the  growth,  we  shall  first  split  the  whole  length  of  the  larynx. 
But  if  we  know  beforehand  that  the  larynx  has  to  be  excised  in  toto,  we 
can  add  to  the  longitudinal  incision  a  transversal  incision  on  each  side 
on  a  level  with  the  hyoid  bone,  according  to  the  dimension  of  the  growth. 
The  long  muscles  of  the  neck,  stemohyoidei,  thyrohyoidei,  and  omohy- 
oidei,  may  be  drawn  aside  by  blunt  retractors,  or  better,  divided  across 
in  their  upper  part,  as  Kocher  does,  on  a  grooved  director  slipped  beneath 
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them.  Freeing  of  the  larynx,  first  on  the  left  side,  while  it  is  drawn 
toward  the  right  side  by  means  of  sharp  hooks  (Fig.  376,  in  which  the 
tracheal  cannula  has  been  omitted) .  While  the  larynx  is  deflected  toward 
the  right  side,  we  see,  above,  the  stretched  median  and  lateral  hyothyroid 
ligaments,  close  by,  the  superior  comu  of  the  thyroid  cartilage  on  which 
pass  the  superior  laryngeal  vessels.  The  thyrohyoid  muscle  is  divided 
transversely  near  its  upper  attachment  on  the  hyoid  bone,  detached  from 
the  linea  obliqua  of  the  thyroid  cartilage,  so  that  it  may  be  displaced 
toward  the  left  to- 
gether with  the  sterno- 
thyroid muscle.  From 
the  left  posterior  bor- 
der, we  detach  the 
laryngoph  aryngeus 
muscle  {constrictor 
pharyngis.  Pig,  376). 
This  pharyngeal  con- 
strictor is  formed  by 
the  reunion  of  the  cri- 
copharyngeus  and  thy- 
ropharyngeus  muscles 
whose  insertions  into 
the  outer  surface  of 
the  cricoid  and  the 
oblique  ridge  of  the 
thyroid  cartilage  must 
be  severed.  Then  we 
see  the  superior  comu 
of  the  thyroid  cartilage 
and  the  whole  left 
lateral  surface  of  the 
latter.  The  same  pro- 
cess   is    repeated    on 

the  other  side.  Then  ligation  of  the  laryngeal  artery  on  each  side 
above  the  point  where  it  perforates  the  thyroid  membrane,  after  the 
upper  comu  of  the  thyroid  cartilage  has  been  cut.  To  prevent  the 
flowing  of  blood  into  the  windpipe,  when  no  tampon  cannula  has  been 
introduced,  the  trachea  is  divided  transversely  just  below  the  cricoid 
cartilage,  a  few  loops  are  passed  through  the  tracheal  walls  after  the 
two  upper  rings  have  been  carefully  separated  from  the  cesophagus 
(introduce  a  tube  in  the  latter)  and  the  trachea  is  drawn  forward  and 
downward,  as  first  indicated  by  Gluck.  When  the  larynx  has  been  pre- 
viously split  after  introduction  of  a  Hahn  tampon  cannula,  this  step  is  of 
course  superfluous.  A  blunt  retractor  introduced  into  the  larynx  draws 
now  the  whole  larynx  forward  and  upward,  and  those  flbres  of  the  crico- 
Dhaimgeus  which  pass  over  into  the  cesophageal  wall  must  be  carefully 


Pig.  376. 
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diTided,  tfae  catting  edge  of  the  knife  being  always  kept  in  emitact  with 
the  larynx.  This  cats  loose  the  larynx  ftom  the  pharynx.  In  this  st^i. 
the  inferitx-  laryngeal  nerve  and  artery  are  necessarily  severed.  Now. 
we  divide  the  hyothyroid  membrane  ckee  to  the  thyroid  cartitage  and 
the  moeosa  over  the  base  of  the  epiglottis,  if  healthy.  If  not,  ve  in> 
eise  in  front  of  the  epiglottis  the  moeosa  of  the  base  of  the  tcugoe  which 
a  finger  introdoced  into  the  month  pushes  toward  the  woond.  ve  fetch 
the  epi^otds  down  with  a  smaD  sharp  book,  and  extirpate  it  «n  maaae 

with  the  larynx.  If  the 
pharyngeal  wall  has  been 
spared,  we  can  satnre  its 
mucous  lining  to  the  efH* 
glottis,  or  if  the  latter 
has  been  removed,  sotore 
both  edges  cnnpletely  in 
the  median  line.  Over 
this  line  of  satare.  re- 
union with  catgut  of  the 
stumps  of  the  detached 
inferior  constrictors  <^ 
the  pharynx  and  of  the 
sternohyoid  mascles. 
Iodoform  gauze  packing. 
Suture  of  the  tracheal 
stump  in  the  lower  angle 
of  the  wound  (Fig.  377). 
Closure  of  the  rest  of  the 
wound  with  the  exception 
of  the  part  throu^  which 
the  iodoform  gauze  packing  must  come  out  in  the  upper  angle.  Fre- 
quently, 1-.  Bergmann  also  sutured  the  upper  laryngeal  stump  in  the 
ai^r  angle  of  the  wound  and  by  a  tight  dressing  prevented  the  inflow 
of  buccal  and  pharyngeal  secretions  from  the  upper  wound  into  the 
trachea.  Feeding  during  the  first  daj-a  through  Uie  oesophageal  tube. 
Early  rising  of  patients,  who  must  sleep  with  the  head  low.' 

The  remarkable  results  obtained  by  duck,  even  in  cases  of  carcinoma 
of  the  larynx  involving  the  pharynx,  which  therefore  require  removal 
«n  maaae  of  the  larynx  and  pharjmx,  authorize  a  somewhat  more  de- 
tailed description  of  this  procedure,  from  his  own  writings.  GlueVa 
chief  merit  is  to  have  found  a  method  to  prevent  deglutition  pneumonia 
after  extirpation  of  the  larjTix  together  with  the  phar>Tix,  in  preliminary 
resection  of  the  trachea  followed  by  suture  of  the  tracheal  stump  into  a 
transversal  buttonhole  of  the  skin  in  the  suprasternal  fossa.  The  tech- 
nique is  as  follows:  Longitudinal  incision  from  the  hyoid  bone  to  the 


Fig.  3t:. 


*  The  deacriptian  aod  Ulnstrations  are  partly  boirowed  from  Boekmktinier'a  atlsL 
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cricotracheal  ligament;  transverse  incision,  5  cm.  long,  one  finger's 
breadth  above  the  suprasternal  depression.  Tunnellization  of  the  bridge- 
shaped  skin  flap  up  to  the  end  of  the  longitudinal  incision  and  provisory 
packing  of  the  thus  created  subcutaneous  passage.  Denudation  of  the 
larynx  with  knife,  scissors,  and  thumb  forceps,  Kocher^s  goitre  spatula, 
and  a  finger  covered  with  a  sterile  gauze  compress,  all  bleeding  vessels 
being  carefully  clamped  and  ligated.  Bilateral  ligation  of  the  superior 
laryngeal  artery,  as  above.  Detachment  of  the  isthmus  of  the  thyroid 
gland  in  the  median  line  and  laterally ;  if  need  be,  section  of  the  same 
between  two  ligatures,  so  as  to  free  completely  the  first  and  second 
tracheal  rings.  When  diseased  lymphatic  glands  are  felt  on  each  side  of 
the  larynx,  they  are  removed  together  with  the  muscles.  Next,  thorough 
freeing  of  both  sides  of  the  pharynx  to  the  vertebi*ae  until  the  fingers  of 
both  hands  meet  in  front  of  the  cervical  column.  Eventually,  special 
ligation  of  the  ascending  pharyngeal  and  superior  thyroid  arteries.  Tem- 
porary packing  of  the  space  between  the  large  vessels  and  the  lateral 
walls  of  the  oesophagus  and  larynx.  The  patient  is  placed  in  the  hang- 
ing-head position,  the  head  of  the  table  is  turned  toward  the  window. 
A  strong  silk  loop  is  passed  in  the  midline  near  the  thyroid  notch  and 
another  below  the  hyoid  bone.  The  larynx  is  opened  close  to  the  edge 
of  the  thyroid  cartilage.  The  mucosa  lying  between  the  stretched  fixa- 
tion loops  is  immediately  picked  with  forceps,  and  a  cocain  swabbing  is 
given  to  prevent  reflex  excitability  and  bleeding,  a  cannula  is  placed  in- 
to the  larynx  and  fastened  by  a  few  stitches.  Circular  resection  of  the 
pharynx  layer  by  layer,  till  the  vertebrae  are  reached;  the  mucosa  being 
always  fastened  with  clamps.  Suture  of  the  upper  pharyngeal  stump  so 
as  to  shut  off  completely  the  buccal  cavity  from  the  wound.  Stripping 
of  the  pharynx  and  oesophagus  from  the  vertebral  column  with  a 
finger  covered  with  a  gauze  compress,  down  to  a  point  where  all  tissues 
are  healthy.  At  the  level  of  the  first  or  second  tracheal  ring,  three 
strong  silk  loops  are  passed  through  the  trachea,  one  in  the  median  line, 
one  on  the  right  side,  one  on  the  left:  the  needles  are  for  the  time  being 
left  on  the  threads.  The  whole  dissected  and  freely  movable  mass  formed 
by  the  larynx,  pharynx,  and  oesophagus  is  drawn,  far  out  of  the  wound 
by  means  of  the  silk  loop  passed  through  the  thyroid  cartilage  near  the 
notch,  the  oesophagus  is  fastened  on  both  sides  with  silk  threads  below 
the  place  where  it  will  be  divided  and  the  whole  mass  is  cut  across  below 
in  sound  tissue.  So  as  to  be  able  to  draw  the  trachea  through  the  cuta- 
neous buttonhole,  the  surgeon  must  still  split  the  superficial  and  deep 
layers  of  the  fascia  in  the  middle  line  down  to  the  suprasternal  notch. 
Then  the  trachea  is  drawn  down  to  the  buttonhole  by  means  of  the 
threads  on  which  the  needles  have  been  left,  the  tracheal  stump  is 
stitched  circularly  in  said  opening  and  a  silver  tracheal  cannula  of  suit- 
able size  (No.  10)  is  inserted.  Introduction  of  a  feeding  tube  into  the 
oesophagus  and  fixation  to  the  oesophageal  stump  by  one  or  two  stitches. 
The  tube  is  closed  with  a  cork  and  hangs  out  from  the  wound.    Careful 
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revision  of  the  wound.    Packing  and  complete  suture  of  the  skin  over 
the  packing.    Slightly  compressive  bandage. 

The  isolation  of  the  aerial  channels  from  the  wound  and  from  the 
buccal  secretions  through  circular  suturing  in  a  cutaneous  slit,  the  clo- 
sure of  the  pharyngeal  stump,  the  formation  of  an  organic  living  dia- 
phragm between  the  stump  of  pharynx  or  of  oesophagus,  as  the  case  may 
be,  and  the  respiratory  tract,  the  packing  of  the  intermediate  wound 
space  and  of  the  mediastinum  around  the  feeding  tube  stitched  into  the 
oesophagus,  and  finally  the  suture  of  the  outer  skin  over  the  packing  and 
the  tight  dressing  ward  off,  above  all,  the  deathly  deglutition  pneumonia, 
and  also  later  mediastinitis,  deep  phlegmons  of  the  neck  and  septic  in- 
fection of  the  wound.  In  case  of  aseptic  course,  the  first  dressing  may 
be  left  four,  eight,  or  even  ten  days :  only  the  cannula  and  the  outer  part 
of  the  dressing  are  changed.  After  the  stitches  and  the  packing  have  been 
removed,  the  dressing  is  changed  every  or  every  other  day.  After  at  least 
two  or  three  weeks,  often  only  after  a  month,  the  scar  of  the  upper 
pharyngeal  stump  has  contracted  enough  to  allow  one  of  the  appliances 
devised  by  Glttck  to  bridge  over  pharyngeal  or  oesophageal  losses  of  sub- 
stance to  be  substituted  for  the  feeding  tube  introduced  through  the 
wound.  An  analogous  appliance  had  been  devised  at  the  same  time 
by  Perthes,  but  it  did  not  meet  with  permanent  success  in  com- 
parison with  Gluck*8.  This  Ghick  contrivance  consists  of  rubber  tubes 
of  different  thicknesses  ending  at  their  upper  extremity  into  a  rubber 
funnel  cut  so  as  to  fit  the  shape  of  the  pharynx  and  to  be  firmly  held 
against  the  base  of  the  tongue  without  causing  any  reflex  disturbances. 
The  narrow  end  of  the  tube  is  passed  from  the  mouth  through  the  cervi- 
cal fistula;  drawing  on  this  end  brings  the  rubber  funnel  behind  the 
base  of  the  tongue ;  then  the  end  of  the  tube  is  inserted  into  the  oesopha- 
gus. As  soon  as  this  very  simple  prosthetic  apparatus  is  fastened  in 
place,  the  patient  can  eat  and  drink  as  a  normal  person.  The  apparatus 
is  changed  every  week,  or  even  at  longer  intervals.  Of  late,  the  intro- 
duction of  any  artificial  larynx  has  been  discarded  almost  altogether,  be- 
cause the  patients  learn  very  well  how  to  whisper  with  air  collected  in 
the  upper  part  of  the  oesophagus  and  pharynx,  so  loudly  that  they  can 
be  heard  easily  from  a  fairly  considerable  distance,  several  yards,  for 
instance. 

6.   Operations  on  the  Thyroid  Gland 

Goitre  Operations. 

An  exact  diagnosis  is  naturally  absolutely  necessary  for  the  choice  of 
the  method  of  operating  in  every  individual  case.  This  diagnosis  must 
take  into  account  the  following  points :  First,  do  we  really  have  to  deal 
with  a  goitre?  Is  this  goitre  of  the  diffuse  hypertrophic  type  involving 
the  whole  gland,  or  of  the  colloidal  variety,  or  do  we  have  only  separate 
nodules  in  an  otherwise  fairly  normal  thyroid?  Are  these  nodes  solid, 
or  have  they  undergone  colloidal  degeneration?    What  part  of  the  thy- 
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roid  gland  is  most  affected?  Eventually,  what  respiratory  disturbances 
does  it  cause?  (Position  of  the  larynx,  bulging  of  the  trachea  in  the 
laryngoscopic  image,  symptoms  of  stricture  of  the  larynx  due  to  pressure 
by  one  or  the  other  half  of  the  thyroid  gland.)  Is  it  a  plunging  or  in- 
trathoracic, or,  finally,  a  vascular  or  Basedow  goitre?  But,  above  all,  we 
must  study  the  general  condition  of  the  patient,  to  see  if  he  can  stand 
such  an  operation,  what  his  subjective  disturbances  are,  especially  as 
regards  his  respiratory  organs  and  his  nervous  system.  Under  all  cir- 
cumstances, the  heart  must  be  examined  most  minutely.  A  digalen 
course  of  treatment  for  a  few  days  regularizes  often  remarkably  the 
heart  action.  If  the  patient's  general  condition  is,  poor,  we  must  be  con- 
tent with  minor  interventions,  for  instance,  uni-  or  bi-lateral  ligation  of 
the  superior  and  inferior  thyroid  arteries;  of  course,  we  cannot  ligate 
all  four  arteries  at  one  time.  Bronchitis  must  also  be  cured  as  much 
as  possible.  Large  goitres,  as  are  almost  exclusively  found  in  Alpine 
regions,  that  develop  principally  outward  and  hardly  exert  any  pressure 
upon  the  trachea  are  best  left  alone.  Soft,  diffuse  hyperplasia,  as  seen 
very  frequently  even  in  our  iregion  (Berlin)  in  young  girls,  are  first 
treated  with  potassium  iodid  in  quite  small  doses  (0.1  gr.  a  day,  ac- 
cording to  Kocher).  Only  when  KI  fails  and  the  goitre  grows  and  causes 
trouble  must  we  operate ;  and  also  all  large  nodular  goitres,  cysts,  plung- 
ing, or  hard  and  fastly  increasing  goitres  must  be  removed. 

Whether  a  given  case  of  exophthalmic  goitre  ought  to  be  operated  on 
or  not  is  determined  by  the  condition  of  each  particular  patient.  Better 
leave  alone  those  in  a  cachectic  state  or  having  psychical  disturbances. 
For  the  others,  the  earlier  a  confirmed  case  of  Graves*  disease  is  operated 
on,  the  better  the  prognosis.  But  much  depends  on  the  skill  of  the  sur- 
geon, and  beginners  must  be  urgently  dissuaded  from  looking  for  an  ex- 
ophthalmic goitre  to  try  on  it  their  first  hand  at  strumectomy. 

What  are  the  dangers  of  the  operation?  The  danger  of  heart  insuffi- 
ciency and  of  pneumonia  due  to  general  anesthesia  does  not  count  much 
since  we  operate  almost  exclusively  now  under  local  anesthesia.  We 
need  only  to  make  analgetic  the  skin  along  the  course  of  the  incision  by 
means  of  J  or  1%  novocain-suprarenin  solution.  The  deeper  parts  are 
practically  insensitive.  An  average  dose  of  morphin  is  very  useful. 
Lately,  however,  I  have  supplemented  the  analgesia  of  the  line  of  in- 
cision with  an  injection,  one-half  hour  before  the  operation,  of  5  c.c.  of 
1%  novocain-suprarenin  solution  (obtained  by  dissolving  two  tablets  A 
in  25  C.C.  of  0.8%  salt  solution,  see  page  23),  on  each  side  under  the 
fascia,  on  the  posterior  border  of  the  sterno-cleido-mastoid  muscle  at 
the  level  of  the  hyoid  bone. 

Tetany  depends  on  the  removal  of  the  parathyroid  glandules.  These 
lentil-shaped  or  oval  structures,  8  mm.  long,  lie  on  the  lateral  and  poste- 
rior surface  of  the  thyroid  lobes,  in  most  cases  two  on  each  side.  If  the 
whole  of  a  lobe  and  the  lower  portion  of  the  second  are  excised,  all  para- 
thyroids are  in  danger  of  being  removed:  hence  the  rule  to  remove  only 
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one  lobe  together  with  the  isthmus  or  only  the  upper  part  of  both  lobes. 
As  a  general  rule,  we  leave  first  a  whole  lobe,  and  if  disturbances  still 
persist,  we  remove  the  upper  part  of  the  second  lobe  at  a  subsequent 
operation. 

Cachexia  thyreopriva  is  safely  prevented  by  not  removing  more  than 
one  lobe  together  with  the  isthmus.  The  old  precept  to  leave  about  one- 
fourth  of  the  total  volume  does  not  protect  with  certainty  against  that 
cachexia. 

The  danger  of  wounding  the  recurrent  nerve,  which  would  cause 
paralysis  of  the  vocal  cord  is  small,  when  one  proceeds  methodically  in 
the  way  described  farther  below. 

Bleeding  during  and  after  the  operation  and  aspiration  in  the  wind- 
pipe may  be  avoided  by  clamping  the  vessels  before  severing  them  and 
ligating  them  not  with  catgut,  but  as  Kocher  does,  with  fine,  though  of 
course  sufficiently  strong,  sublimate  silk.  Thick  silk  knots  suppurate  not 
infrequently,  even  when  asepsis  is  otherwise  perfect,  fine  silk  practically 
never  does. 

Finally,  it  goes  without  saying  that  the  dangers  of  infection  after  the 
operation  are  minimized  by  a  faultless  asepsis.  Witness  the  thousands 
of  goitre  operations  performed  by  Kocher  with  an  extremely  low  per- 
centage of  casualties. 

Anatomy.— The  thyroid  gland  consists  of  two  lateral  lobes  connected 
by  an  isthmus,  which  rests  upon  the  third  and  fourth  tracheal  rings. 
From  the  isthmus  stretches  often  vertically  upward  a  lobus  pyramidalis. 
The  capsule  of  the  thyroid  gland  is  attached  in  front  to  the  windpipe  and 
particularly  to  the  cricoid  cartilage.  The  substance  of  the  gland  is  first 
enclosed  within  a  thin  albuginea  which,  like  the  albuginea  of  the  testicle, 
sends  septa  in  the  interior  of  the  gland.  This  thyroid  albuginea  must 
always  be  respected,  as  the  bloodvessels  run  and  ramify  within  it.  When 
reaching  the  thyroid  gland  from  without  inward,  we  have  to  divide  or 
retract  aside :  1.  The  skin,  subcutaneous  tissue,  and  platysma.  2.  In  the 
median  line,  the  external  cervical  fascia,  united  in  its  upper  part  with 
the  middle  cervical  fascia.  3.  The  long  muscles  of  the  neck,  viz.,  from 
the  lateral  parts  toward  the  median  line:  stemo-cleido-mastoid,  sterno- 
thyroid, sternohyoid.  4.  The  middle  cervical  fascia  which,  together  with 
the  neighboring  cervical  connective  tissue,  forms  Kocher* s  external  cap- 
sule of  the  thyroid  gland  and  can  be  everywhere  lifted  from  the  under- 
lying albuginea  (see  Fig.  356).  In  the  interstice  between  this  outer 
capsule  and  the  albuginea  run  the  large  vessels.  To  ligate  these,  we 
therefore  always  have  to  incise  the  middle  cervical  fascia.  The  thyroid 
is  an  exceedingly  vascular  organ.  The  afferent  and  efferent  vessels  are 
the  following,  from  above  downward:  The  superior  thyroid  artery  at  the 
upper  pole  of  the  lateral  lobe  with  its  satellite  vein ;  generally  a  middle 
thyroid  vein  in  the  middle  of  the  lateral  lobe  and  going  directly  laterally 
to  the  jugular  vein.  The  inferior  thyroid  artery  arising  .from  the  thyro- 
cervical axis  and  presenting  a  vertical  and  an  horizontal  segment    It 
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ascends  vertically  at  first  on  the  deep  muscles  of  the  neck  up  to  the 
transverse  process  of  the  sixth  cervical  vertebra,  then  bends  at  a  right 
angle  behind  the  large  cervical  bloodvessels  and  enters  the  thyroid  gland 
through  the  posterior  surface  of  the  latter.  It  is  not  accompanied  by 
a  satellite  vein.  The  inferior  thyroid  veins  emerge  from  the  lower  cir- 
cumference of  the  thyroid  body  and  descend  laterally  of  the  middle  line 
to  the  corresponding  innominate  vein ;  the  vena  thyroidea  ima  runs  along 
the  middle  line  to  the  left  innominate  vein.  These  three  lower  groups 
of  veins  are  frequently  connected 
by  transversal  links.  Among  the 
nerves,  we  must  pay  attention  to 
the  recurrent,  which  lies  in  the 
groove  between  the  trachea  and 
cesophagus.  When  the  patient  is 
not  under  general  anesthesia,  we 
may  ascertain  the  integrity  of  this 
nerve  by  asking  from  time  to  time 
a  question  from  the  patient  or  mak- 
ing him  utter  the  sound  A. 

Direction  of  Incision  (Fig.  378). 
— Kocher's  lines  of  incision  must  be 
preferred  to  all  others.  Kocher  ad- 
vocates particularly  the  so-called 
collar  incision,  which,  in  case  of 
very  large  goitres  extending  up- 
ward, may  be  lengthened  up  and 
outward  along  the  sterAO-cleido- 
mastoid  muscle.  In  very  difficult 
extirpations,  Kocher  makes  an  an-  Fig.  378. 

gular  incision  with  an  horizontal 

leg  corresponding  to  one-half  of  a  high  collar  incision,  and  a  median  leg 
descending  to  the  suprasternal  depression. 

To  shut  off  the  face  from  the  operative  field,  Bungner  has  devised  a 
simple  and  handy  apparatus  which  he  calls  chin  guard.  It  consists  of  a 
copper  frame,  bent  so  as  to  form  an  arch,  almost  as  thick  as  a  pencil, 
flattened,  and  well  nickel -plated,  with  S-shaped  ends.  A  sterilized  cov- 
ering of  a  knit  fabric  is  sewed  on  the  frame,  and  the  latter  is  placed  in 
such  a  way  that  its  ends  catch  around  the  insertion  of  the  ear  and  the 
lateral  parts  lie  on  the  border  of  the  mandible.  The  arch  acting  as  an 
elastic  spring,  shaped  about  like  the  jaw,  and  having  a  rough  finish,  ap- 
plies well  on  the  ends  of  the  jaw.  If  a  sterile  towel  is  slipped  between  the 
chin  guard  and  the  skin  and  turned  up  around  the  former,  the  operative 
field  is  securely  shut  off  from  the  face  and  from  the  anesthetist,  if  there 
is  one.  The  patient  is  placed  with  the  head  in  slight  hjrperextension. 
Incision  through  the  skin  and  platysma  with  double  ligation  of  the  me- 
dian veins  of  the  neck  (Fig.  379) .    Dissection  of  the  upper  skin  flap  from 
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collaterals.  Kocker's  hook  forceps  for  goitres  (Fig.  381)  is  very  con- 
venient to  grasp  securely  and  draw  forward  the  thyroid  gland.  Next, 
the  lower  pole  is  brought  out  and  the  inferior  and  ima  thyroid  veins  are 
carefully  isolated  and  ligated.  The  goitre  which  holds  only  now  to  the 
sound  side  through  the  isthmus  and  by  its  adhesion  to  tiie  lateral  surface 
of  the  larynx  and  of  the  trachea  can  now  be  dislocated  toward  the  sound 
side.  All  connective  strips  put  on  the  stretch  by  this  dislocation  are 
doubly  ligated  and  cut  The  isthmus  is  now  either  clamped  with  a 
Kocher  goitre  clamp  (see  Fig.  382),  or  constricted  in  a  back-stitch  suture 


before  being  divided  on  a  Kocher  spatula  slipped  underneath.  When 
separating  the  thyroid  gland  from  the  larynx,  Kocher  leaves  in  place  a 
thin  layer  of  glandular  substance  to  protect  better  the  recurrent  nerve. 
The  resulting  bleeding  can  be  mastered  by  clamping  and  ligation  of 
small  vessels.  Revision  of  the  whole  wound-surface  in  a  search  for 
bleeding  vessels  and  for  any  sponges  that  might  have  been  left  behind. 
Suture  of  the  skin  and  fascia  with  fine  silk  or  catgut.  Placing  of  a 
drain  for  a  few  days  in  the  lower  angle  of  the  wound.  Suture  of  the 
skin.  Large  dressing.  Patients  get  out  of  bed,  or  at  least  sit  up  in  bed, 
on  the  second  or  third  day.  The  surgeon  who  thus  proceeds  slowly  step 
by  step,  ligating  carefully  with  silk,  will  certainly  take  much  time — this 
does  not  matter  at  all  since  we  do  not  have  to  consider  the  noxious  action 
of  general  anesthesia— but  will  safely  reach  his  end. 
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If  we  only  want  to  Ugate  the  vessels,  for  instance,  in  exophthalmic 
soitre,  we  proceed  exactly  in  the  same  way,  but  ligate  at  most  only  the 
superior  and  inferior  arteries  on  one  side  and  the  superior  on  the  other 
side,  eventually  in  several  sittings.  In  case  of  isolated  citrous  nodes 
and  cysts  which  have  to  be  shelled  out,  the  albuginea  must  of  course  be 
incised,  bleeding  vessels  being  carefully  and  sparingly  ligated.  Then 
the  node,  which  in  most  cases  possesses  a  double  capsule,  is  cautiously 
lifted  out  by  finger  or  spatula  and  the  remaining  sac  is  closed  by  several 
tiers  of  buried  catgut  sutures  (goitre  enucleation). 

Under  the  name  of  resection -enucleation,  Kocher  designates  an  opera- 
tion in  which  after  ligation  of  the  artery  and  vein  corresponding  to  the 


Fig.  384.-1  natural 


node,  the  latter  is  partly  enucleated,  partly  resected  with  the  surrounding 
glandular  tissue.  Enucleation  and  resection-enucleation  are  considerably 
more  bloody  operations  than  simple  extirpation. 

Exothyropexy  is  an  operation  in  which,  in  case  of  severe  compression 
symptoms,  the  goitre  is  quickly  detached  from  its  connections,  without 
ligation  of  bloodvessels,  dislocated  out  of  the  wound  and  transposed  be- 
fore the  skin.     It  is  only  ver>-  seldom  practised  now. 

Intrathoracic  goitres  and  those  extending  far  below  the  collar-bone 
create  serious  difficulties.  In  such  cases,  the  operative  field  must  be 
widened  by  the  division  of  the  long  muscles  of  the  neck,  and  if  need 
be  of  the  sternal  and  clavicular  insertions  of  the  stemo-cleido-mastoid 
muscle.     The  part  of  the  goitre  situated  above  serves  as  a  handle  to  draw 
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out  the  intrathoracic  part.  All  connective  strings  are  cautiously  iso- 
lated, doubly  clamped,  ligated,  and  cut  Thus  the  goitre  is  freed  little 
by  little.  Finally  the  inferior  and  imae  thyroid  veins  are  clamped  and 
ligated.  Kocher  uses  for  freeing  the  goitre  a  special  goitre  spoon  (see 
Fig.  384). 

7.  Operations  on  Cervical  Nerves 

Exposure  and  partial  extirpation  of  the  cervical  portion  of  the 
sympathetic  nerve  has  been  performed  more  frequently  in  the  last  de- 
cade for  the  cure  of  epilepsy  {Alexander,  Kilmmel,  Bogdanik  and  others) 
and  applied  systematically  by  Brawn  to  a  series  of  cases,  always  with 
negative  success.  Braun*s  procedure  was  as  follows:  Incision  from  the 
angle  of  the  jaw  down  to  the  jugular  fossa  along  the  anterior  border  of 
the  stemo-cleido-mastoid  muscle,  less  often  along  the  posterior  border 
of  the  same  muscle  from  the  mastoid  process  down  to  the  collar-bone, 
behind  the  large  bloodvessels  which  are  retracted  toward  the  median 
line.  After  penetrating  into  the  middle  of  the  neck,  we  find  the  nerve 
covered  by  a  thin  fascial  layer  and  the  internal  carotid,  on  the  rectus 
capitis  anticus  major  muscle  and  the  prevertebral  fascia,  and  indeed 
so  close  to  the  vagus  that  it  can  easily  be  lifted  up  with  the  vascular 
bundle.  So  as  to  guard  against  possible  mistakes,  free  the  vagus  for  a 
short  length.  If  we  follow  upward  the  sympathetic  nerve,  we  reach  the 
characteristic  large  upper  cervical  ganglion;  below,  we  find  the  smaller 
middle  cervical  ganglion.  Braun  resected  the  nerve  above  the  upper 
and  below  the  middle  ganglia. 

Occipital  Neuralgia. 

Exposure  of  the  Greater  Occipital  Nerve  after  Krause. — Lateral  position 
of  the  patient  on  the  sound  side.  Incision  through  the  very  thick  skin  at 
leasts  cm.  below  the  external  occipital  protuberance,  beginning  near  the 
middle  line,  descending  slightly  in  the  direction  of  the  mastoid  process 
to  a  point  2  cm.  away  from  the  latter,  then  vertically  downward  for  7 
cm.,  and  ending  on  the  posterior  border  of  the  stemo-cleido-mastoid 
about  level  with  the  hyoid  bone.  The  skin  of  the  upper  edge  of  the 
wound  is  bluntly  dissected  away  upward  for  1  or  2  cm.  so  as  to  find  the 
terminal  expansion  of  the  nerve  and  to  be  able  to  work  on  this  terminal 
ramification  in  a  centripetal  direction.  The  point  of  emergence  of  the 
major  occipital  nerve  is  about  in  the  middle  of  a  line  uniting  the  exter- 
nal occipital  protuberance  to  the  posterior  circumference  of  the  mastoid 
process.  The  occipital  artery  lies  lateral  to  that  point  of  said  line. 
The  nerve  perforates  the  thin  insertion  of  the  trapezius  muscle,  or  in 
case  the  muscular  belly  is  narrow,  runs  on  its  lateral  border.  Conse- 
quently, to  follow  the  nerve  farther,  we  must  either  cut  a  notch  in  the 
muscle  or  draw  it  toward  the  middle  line.  Then  appears  the  splenius, 
whose  fibres  ascend  obliquely  out  and  upward,  and  the  semispinalis  cap- 
itis, partly  covered  by  the  splenius  and  whose  fibres  ascend  vertically. 
The  greater  occipital  nerve  lies  on  the  median  border  of  the  splenius 


370  OPERATIONS  ON  THE  NECK 

and  perforates  the  semispinalis:  at  this  point,  it  is  still  a  thick  cord.  To 
follow  it  still  farther  in  the  depth,  we  must  cut  across  the  semispinalis: 
beneath  this  muscle,  the  nerve  lies  on  the  deepest  layer  of  muscles  of 
the  nape  of  the  neck  (Rectus  capitis  posticus  major  and  obliquus  capitis 
inferior).  It  winds  around  the  lower  border  of  the  last-named  muscle 
and  soon  unites  with  the  trunk  of  the  second  cervical  nerve.  The  nerve 
is  severed  as  far  centrally  as  possible  and  not  twisted,  because  pulling: 
on  its  central  end  would  endanger  the  phrenic  nerve  which  arises  from 
the  fourth  cervical  nerve,  as  cervical  nerve  roots  are  connected  by  trans- 
versal anastomoses.  On  the  contrary,  the  peripheral  branches  are  ex- 
tracted by  torsion  one  after  the  other.  If  we  should  go  farther  in  the 
depth  around  the  obliquus  capitis  inferior,  we  should  soon  reach  the 
ganglion  of  the  second  cervical  nerve.  We  must  not  mistake  for  the 
greater  occipital  nerve  the  occipitalis  tertius  which  is  foimd  close  to 
the  median  line,  4  cm.  below  the  external  occipital  protuberance,  perto- 
rates  the  tendon  of  the  trapezius  and  that  of  the  semispinalis,  and  sinks 
into  the  depth  to  join  the  third  cervical  nerve.  It  runs  also  op  the  rec- 
tus capitis  posticus  major  and  obliquus  capitis  inferior  and  winds  aroimd 
the  latter.  It  can  be  looked  for  on  the  medial  border  of  these  muscles. 
On  account  of  the  presence  of  Breachet^s  large  venous  posterior  plexus 
of  the  head,  blunt  dissection  in  the  depth  must  be  cautious. 

Next  comes  the  exposure  of  the  lesser  occipital  nerve  and  of  the 
major  auricular  which  wind  around  the  posterior  border  of  the  stemo- 
cleido-mastoid  on  a  level  with  the  hyoid  bone  (Fig.  385).  The  lesser 
occipital  nerve  (o.  mi.),  ascends  vertically  on  the  splenius  capitis,  the 
great  auricular  nerve  (au.  m.),  generally  bigger  than  the  lesser  occipi- 
tal, travels  obliquely  upward  and  forward  to  the  region  of  the  insertion 
of  the  pinna.  The  cutaneous  colli  medius  (s.  c.  c.  m.)  lies  close  below 
the  great  auricular  nerve  and  winds  almost  horizontally  forward  around 
the  posterior  border  of  the  stemo-cleido-mastoid  muscle;  below,  we  still 
have  the  supraclavicular  nerves  (n.  n.  sc).  The  muscle  must  be  drawn 
forward,  whereby  the  spinal  nerve  running  very  obliquely  backward  and 
downward  appears  and  is  easy  to  identify  by  the  muscular  twitching  of 
the  shoulder  which  contacts  of  the  nervous  cord  with  instruments  call 
forth  at  once.  The  latter  nerve  must  be  drawn  forward  together  with  the 
muscle.  If  we  continue  our  dull  dissection  in  the  depth,  we  free  the  two 
nerves,  lesser  occipital  and  great  auricular,  until  the  lower  and  external 
border  of  the  splenius  muscle,  and  we  retract  the  latter  in  and  upward. 
On  the  transverse  processes  of  the  vertebrae  and  the  muscles  arising  there- 
from, we  now  see  the  whole  vasculo-nervous  bundle,  the  carotid,  the  jugu- 
lar, the  pneumogastric  nerve,  and  the  loop  of  the  hypoglossus:  the  whole 
is  pressed  forward  by  a  blunt  retractor.  There,  close  to  the  vertebrae, 
the  nerves,  lesser  occipital,  great  auricular  and  eventually  the  inferior 
cervical  when  the  latter  has  a  common  origin  with  the  two  former,  are 
divided,  as  said  above,  and  the  peripheral  branches  extracted  by  twist- 
ing.   Two  drains  are  inserted  in  the  spot  where  the  nerves  were  divided 
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and  brought  out  through  the  lower  angle  of  the  wound.  Suture  of  the 
wound.  The  scar  falls  almost  wholly  within  the  hair-covered  area  and 
is  therefore  hardly  visible.    The  nerves  show  numerous  variations  which 


are  more  exactly  described  by  Krause  in  the  Beitrdge  zur  Kliniachen 
Chirurgie.  Band  24.  Heft  2. 


8.  Operations  for  Muscular  Wry-Neck 

A  simple  method  of  curing  wry-neck,  and  very  successful,  if  the  proper 
after-treatment  is  observed,  is  aabcataneoa*  tenotorrty,  which  besides 
has  the  advantage  of  not  leaving  a  visible  scar  and  of  not  altering 
essentially  the  relief  of  the  neck.  An  always  unconditional  requisite  is 
that  all  stretched  muscular  strings  should  be  severed.  Never  must  we 
be  content  with  the  division  of  only  the  sternal  or  clavicular  portion. 

Careful  asepsis.  The  patient  is  laid  flat  with  a  cushion  under  the 
shoulder-blades.  General  anesthesia.  An  assistant  holds  the  head 
between  his  hands  laid  flat  on  the  lateral  parts  of  the  face,  draws  it 
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strongly  toward  the  healthy  side,  while  another  draws  downward  the 
arm  of  the  diseased  side.  A  tenotome  is  introduced  about  1  to  1.5  cm. 
above  the  clavicular  insertion,  between  the  skin  and  the  border  of  the 
muscle:  the  introduction  in  case  of  right-sided  contraction  is  done  on  the 
internal  side  of  the  muscle;  in  case  of  left-sided,  on  the  lateral.  Avoid 
wounding  the  external  jugular  vein,  easily  visible  near  the  posterior  bor- 
der of  the  muscle.  The  cutting  edge  being  indifferently  turned  toward 
the  head  or  the  abdomen,  the  knife  is  pushed  flat  between  the  skin  and 
muscle  until  the  point  is  felt  on  the  internal  or  external  border  of  the  mus- 
cle, according  to  the  side  operated  on,  by  the  forefinger  of  the  left  hand 
which,  resting  on  the  thumb  of  the  right  hand,  must  continuously  watch 
the  position  of  the  knife.  Then  we  turn  the  edge  of  the  knife  against 
the  muscle,  which  the  assistants  must  stretch  now  particularly  strongly, 
and  divide  the  latter,  layer  after  layer,  by  short  sawing  strokes.  There- 
upon the  different  stretched  cords  tear  with  a  distinctly  audible  crack,  the 
left  finger  palpates  carefully  the  gap  to  find  whatever  strips  of  tissue  may 
still  remain;  such  strips  are  frequently  overlooked  near  the  external  bor- 
der. If  we  palpate  carefully  and  divide  only  one  cord  at  a  time,  we  need 
not  fear  wounding  the  vasculo-nervous  bundle  lying  beneath  the  muscle, 
especially  the  internal  jugular  vein  and  the  common  carotid,  but  we 
must  know  that  some  little  blood  always  flows  out  through  the  small 
cutaneous  stab.  Small  dressing  of  the  wound  v/ith  adhesive  plaster. 
Overcorrection  as  strong  as  possible,  plaster  cast  maintaining  the  head 
inclined  toward  the  normal,  and  slightly  rotated  toward  the  diseased  side: 
it  must  reach  backward  and  upward  to  the  vertex  in  front,  enclose 
the  lower  jaw  below,  rest  on  both  shoulders,  and  still  be  fastened  around 
the  thorax  below  the  armpits  by  a  circular  ring.  In  smaller  children  we 
must  be  satisfied  with  maintaining  the  correction  by  means  of  a  flannel 
bandage  secured  by  a  starch  bandage.  After  cicatrization  we  must 
start  massage,  active  and  passive  rotation  and  forced  inclination  move- 
ments and  suspension  exercises. 

Open  Tenotomy.— It  does  not  give  better  results  than  subcutaneous 
tenotomy:  but  once  the  muscle  has  been  exposed,  in  severe  and  especially 
recurrent  cases,  we  may  immediately  extirpate  the  lower  half  of  the 
sterno-cleido-mastoid  muscle,  after  Mikulicz*  method.  Recently  I  very 
frequently  resorted  to  Mikulicz*  technique  because  I  found  by  experience 
that  parents  often  do  not  bring  back  their  children  to  the  physician  for 
orthopedic  exercises  and.  without  after-treatment,  the  safest  results  are 
obtained  by  excision  of  the  muscle. 

Transversal  incision  going  from  one  border  to  the  other  2  cm.  above 
the  clavicle.  The  edges  of  this  incision  may  be  easily  drawn  with  sharp 
hooks  forward,  backward,  or  downward  so  that  through  it  we  can  easily 
extirpate  the  lower  half  of  the  sterno-cleido-mastoid  muscle,  especially 
when  the  latter  is  well  put  on  the  stretch.  Incision  of  the  fascia  on  the 
anterior  and  posterior  borders  of  the  muscle,  and  blunt  separation  of 
the  muscle  from  the  vascular  sheath  by  means  of  a  Kocher  goitre  spatula. 
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By  drawing  the  upper  edge  of  the  skin  incision  upward,  and  a  loop  of 
muscle  downward  by  means  of  round  hooks,  it  becomes  easy  to  follow 
the  muscle  high  enough  and  to  cut  it  across  its  middle  part  after  securing 
it  with  hemostatic  clamps.  The  cut  surface  always  bleeds  and  its  vessels 
must  be  ligated.  If  no  clamps  have  been  placed  before  the  section,  the 
stump  slides  upward  and  is  very  hard  to  catch  again.  Then  the  lower 
end  is  freed  down  to  the  sternal  and  clavicular  insertions  and  divided 
there.  The  bed  of  the  muscle  is  examined  to  find  if  there  are  still  any 
stretched  bands  arising  from  the  middle  cervical  fascia  which  very  often 
is  implicated  in  the  shrinking;  if  any,  each  is  carefully  separated  by 
blunt  dissection  from  the  vessels  and  cut.  Careful  hemostasis,  suture  of 
the  skin,  dressing.  A  small  drain  left  for  a  few  days  in  the  posterior 
angle  of  the  wound  can  do  no  harm.  A  straightening  bandage  is  also 
useful,  even  after  this  procedure,  and  so  is  orthopedic  after-treatment. 

I  shall  still  mention  that  TiUaux  and  Lange  sever  the  muscle  in  its 
upper  part,  below  the  mastoid  process,  so  as  to  avoid  a  visible  scar.  But 
here  we  must  be  sure  that  we  cut  through  the  whole  muscle  which,  as 
Joachimsthal  points  out,  arises  also  behind  by  a  flat  belly  from  the  supe- 
rior line  of  the  nape.  WiUlstein  advises  in  difficult  cases  to  shorten  also 
the  elongated  stemo-cleido-mastoidof  the  sound  side  by  making  a  double 
loop,  the  three  legs  of  which  are  united  by  catgut  stitches.  Finally, 
remember  that  the  condition  may  be  bilateral  (Hildebrand). 

Spastic  Torticollis. — To  cure  spastic  torticollis,  when  internal  medi- 
cation, electricity,  and  orthopedic  measures  had  failed,  operations  have 
been  performed  on  nerves  as  well  as  on  muscles.  Kocher  comes  out  in 
favor  of  muscular  sections,  chiefly  on  account  of  the  more  plentiful 
material  (see  de  Quervain,  Le  traitement  chirurgical  du  torticolis  spas- 
modique  d'aprSs  la  m6thode  de  Kocher,  Sent,  mid.,  1896,  No.  51).  The 
procedure  exhaustively  described  by  Kocher  in  his  book  is  an  open  sec- 
tion of  all  cramp-affected  muscles,  particularly  of  the  stemo-cleido-mas- 
toid  of  one  side  and  the  nape  muscles  of  the  other;  with  long-continued 
gymnastic  exercises.  The  operations  on  the  nerves  are  resection  of  the 
spinal  nerve  which  has  been  elongated  and  resected,  but  generally  in- 
effectually, and  section  of  the  uppermost  cervical  nerves,  after  Keen's 
method. 


VIII.  operations  on  the  Chest 

1.    Operations  on  tlie  Breast 

Preliminary  Anatomical  Remarks. — The  female  breast  is  movable 
on  the  underlying  superficial  pectoral  fascia  and  pectoralis  major  muscle, 
and  seldom  extends  below  the  lower  border  of  the  latter;  it  corresponds 
to  the  third,  fourth,  fifth,  sixth,  and  seventh  ribs,  and  almost  exactly  to 
the  middle  between  the  sternal  and  anterior  axillary  lines.  The  glandu- 
lar acini  are  imbedded  in  more  or  less  abundant  fatty  tissue;  aroimd  the 
periphery  and  under  the  skin  small  separate  lobules,  easily  recognizable 
by  their  whitish  color,  extend  fairly  far  into  the  neighboring  fatty  tis- 
sue: moreover,  there  is  in  most  cases  a  tapering  expansion  shooting  from 
the  upper  and  lateral  edge  toward  the  armpit.  In  the  vicinity  of  the 
nipple  the  glandular  body  is  firmly  united  to  the  skin  by  the  excretory 
ducts  and  cannot  be  separated  from  it.  The  breast  receives  its  blood- 
supply  from  the  intercostal  arteries  and  the  cutaneous  twigs  of  the  in- 
ternal mammary.  The  very  numerous  lymphatic  vessels  of  the  breast 
run  principally  in  the  direction  of  the  axillary  cavity,  but  are  anasto- 
mosed with  those  of  the  other  half  of  the  body.  Part  of  them  are  im- 
bedded in  the  fascia  and  the  superficial  layers  of  the  pectoralis  major 
muscle.  The  location  of  the  axillary  lymph  glands  is  described  more 
in  detail  under  Amputation  of  the  breast. 

Abscesses  of  the  Breast. — Abscesses  situated  within  the  glandular 
substance  itself  are  opened  by  radiating  incisions  (Fig.  386),  so  as  to 
spare  as  much  as  possible  the  excretory  ducts  going  from  the  separate 
acini  toward  the  nipple.  On  the  contrary,  in  case  of  deep  abscesses 
(see  Fig.  387,  A  and  A,) ,  which  not  infrequently  break  through  the  super- 
ficial fascia  (F)  and  spread  into  the  space  between  the  latter  and  the 
pectoral  muscle,  so  that  the  gland  (D)  lies  over  the  abscess,  a  concentri- 
cal  incision  should  be  made  along  the  edge  of  the  breast  (see  Figs.  386,  J, 
and  387,  J  and  Ji).  The  best  after-treatment  is  without  doubt  the  appli- 
cation of  Bier's  large  suction  cup,  which  covers  the  whole  breast,  and  be- 
sides mechanically  pumping  the  pus,  provokes  active  hyperemia  and  strong 
exudation  toward  the  surface.  The  incision  can  almost  always  be  made 
under  local  anesthesia  by  means  of  the  ethyl  chlorid  spray  or  ScMeich's 
infiltration :  only  seldom  are  we  compelled  to  operate  under  very  light 
ether  anesthesia, 
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Benign  tttmort  of  the  breast  (fibroids,  lipomata,  adenefibromata) 
can  be  enucleated  in  toto  after  incision  of  their  capsule.  Here,  also, 
radiating  incisions  are  best.  The  dead  space  left  after  removal  of  those 
benign  tumors  must  be  obliterated  by  deep  sutures  or  buried  separate 
catgut  stitches. 

Amputation  of  the  breast  is  performed  for  chronic  inflammations, 
especially  when  tuberculous,  for  multiple  benign  tumors  (fibroadeno- 
mata),  for  so-called  chronic  cystic  mastitis  in  its  severe  forms,  for  dif- 
fuse hypertrophy,  and  finally  and  most  frequently,  for  malignant  tumors. 


Fig.  386. 


Fig.  887. 


.  In  this  latter  case,  amputation  of  the  breast  must  include  the  radical 
cleaning  out  of  the  corresponding  axillary  cavity:  it  is  also  necessary  to 
remove  at  least  the  pectoral  fascia,  together  with  the  superficial  layers  of 
the  pectoralis  major;  better  still  the  whole  of  this  muscle  and  the  pec- 
toralis  minor  with  the  breast  itself.  Rather  throw  in  the  deal  the  result- 
ing functional  disturbance  than  leave  behind  tissue  possibly  containing 
carcinomatous  seed.  Operate  on  malignant  tumors  only  when  you  may 
reasonably  expect  beforehand  to  be  able  to  remove  all  diseased  tissue. 
This  expectation  is  no  longer  well  founded  when  the  tumor  adheres  to 
the  chest-wall,  when  the  axillary  glands  are  blended  with  the  vasculo- 
nervous  plexus,  when  there  exist  prior  to  the  operation  cancerous  supra- 
clavicular glands,  regional  metastases  in  the  skin  of  the  breast,  the  in- 
ternal organs,  or  the  bones.  But  do  not  draw  the  line  too  close,  as  it 
is  undoubtedly  more  human  to  operate  on  a  patient  who  recognizes  the 
fatal  nature  of  her  lesion  and  still  pins  all  her  faith  on  the  skill  of  the 
surgeon,  even  when  we  are  convinced  of  the  hopelessness  of  the  under- 
taking, than  to  rob  her  of  the  last  hope  by  declaring  more  or  less  ex- 
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pHcitly  the  condition  inoperable.    Little  does  it  matter  if  statistics  of 
permanent  cures  will  thereby  be  made  a  little  worse. 

For  the  operation,  the  patient  is  placed  on  the  operating  table  so  that 
the  shoulder  of  the  diseased  side  slightly  overhangs  the  edge:  the  arm 
of  the  diseased  side  is  held  horizontally  abducted  from  the  body  by  an 
assistant,  the  elbow  flexed  at  a  right  angle,  the  forearm  directed  vertically 
upward  and  raised  or  lowered  during  the  cleaning  of  the  axilla  accord- 
ing to  whether  the  region  the  surgeon  wants  to  have  exposed  is  before  or 
behind  the  bloodvessels  and  nerves.  Incisions  vary  extremely  with  the 
different  operators.  The  one  generally  employed  is  still  that  which  will  be 
described  below,  but  we  cannot  deny  that  others,  for  instance  Kocher's, 
(see  below)  have  numerous  advantages.     This  old  incision  (Fig.  388) 

begins  on  the  edge  ot 
the  sternum,  circles  in 
a  long  curve  one-half 
of  the  nipple  and  the 
skin  slightly  adherent 
to  the  tumor,  and  from 
the  edge  of  the  gland 
reaches  in  the  axilla 
the  border  of  the  easily 
palpated  coraco-brachi- 
alis  muscle  (see  also 
page  114),  and  ends  at 
the  beginningof  the  in- 
ternal bicipital  groove. 
•'"G-  388.  In  simple  amputation 

of  the  breast  without 
axillary  cleaning,  this  prolongation  of  the  incision  into  the  armpit  is 
superfluous.  A  second  incision  circles  the  nipple  on  its  opposite  side 
and  meets  the  first  on  the  external  edge  of  the  gland.  The  skin  below 
the  lower  incision  is  first  carefully  dissected  downward  away  from  the 
breast — to  this  effect  an  assistant  draws  strongly  the  breast  toward  the 
head  by  means  of  a  four-pronged  sharp  hook — so  that  nowhere  is  any  of 
the  whitish  glandular  tissue  left  in  the  adipose  subcutaneous  tissue,  and 
until  the  fascia  superficialis  has  been  exposed  along  the  whole  border  of 
the  breast.  Always  take  liberally  from  the  fat  surrounding  the  glandu- 
lar tissue.  Then  the  superficial  fascia  is  divided  along  the  whole  length 
of  the  incision,  so  that  we  have  free  before  us  the  thoracic  wail  represented 
by  the  pectoralis  major.  The  larger  bleeding  vessels  are  clamped,  while 
the  bleeding  of  the  smaller  is  checked  temporarily  by  pressure  with  a 
gauze  compress.  A  similar  procedure  is  carried  out  through  the  upper 
incision,  while  the  assistant  now  retracts  the  breast  downward.  After 
the  superficial  fascia  has  also  been  incised  here,  the  whole  mammary 
gland  can  be  detached  quickly  by  blunt  dissection  from  the  thorax  and 
the  pectoralis  major:  only  a  few  larger  vessels  have  to  be  clamped.     This 
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ends  amputation  of  the  breast  proper  in  non-malignant  tumors.  In  ma- 
lignant growths,  we  remove  also  the  pectoralis  major  by  severing  its 
insertions  into  the  sternum  and  the  six  upper  costal  cartilages  on  a 
Kocher  spatula  slipped  underneath,  and  detaching  the  whole  muscular 
stump  from  the  thorax  together  with  the  breast.  We  still  have  to  cut 
the  clavicular  insertions  of  the  muscle.  Then  the  mass  of  skin,  breast, 
fascia,  and  muscle  hangs  still  by  the  strip  of  fascia  extending  toward  the 
axilla  and  by  the  humeral  insertion  of  the  pectoralis  major.  It  is  folded 
outward  so  as  to  allow  complete  hemostasis  of  the  extensive  surface  of 
the  wound.  Many  surgeons  are  satisfied  with  the  removal  of  the  lower 
fascicles  of  the  muscle  and  of  its  most  superficial  layer. 

To  clean  the  axilla  (Fig.  380),  the  skin  is  dissected  through  the  lon- 
gitudinal incision  forward  and  backward  till  we  see  well  the  borders  of 
the  pectoralis  major  in  front  and  of  the  latissimus  dorsi  behind,  and  we 
incise  the  axillary  fat  transversely  on  the  thoracic  wall  about  three  fin- 
gers' breadth  below  the  vasculo-nervous  plexus  till  we  see  the  fibres  of 
the  serratus  anticus,  but  while  doing  this  we  spare  the  long  thoracic  ar- 
tery and  vein  and  the  long  thoracic  nerve.  Toward  the  arm,  we  incise 
the  fascia  at  the  entrance  of  the  internal  bicipital  groove  and  thereby 
we  expose  the  axillary  vein  and,  beneath  it,  the  axillary  artery  and  the 
median  nerve.  Now,  we  still  have  to  incise  the  coraco-brachial  fascia 
along  the  border  of  the  coraco-brachial  and  pectoralis  minor,  so  as 
to  be  able  to  enter  in  front  the  axillary  cavity.  Next,  we  separate 
by  blunt  dissection  the  pad  of  fatty  tissue  lying  in  front  of  the  vessels 
and  nerves,  together  with  the  glands  therein  contained  (Fig.  389,  sketch 
I,  below),  then  turn  our  attention  to  the  axillary  fat  located  behind  the 
vessels  and  nerves  and,  in  most  cases,  we  can  also  easily,  by  dull  dis- 
section, separate  this  from  the  vein,  particularly  from  the  subscapularis 
muscle  farther  back  and  from  the  scapular  vessels  and  nerves  lying  on 
said  muscle,  finally  from  the  border  of  the  latissimus  dorsi  (Fig.  389, 
sketch  II,  below) .  After  the  operation,  all  above-named  muscles,  nerves, 
and  bloodvessels  should  be  completely  dissected  out,  as  shown  in  Fig.  389. 
The  removed  specimen,  still  hanging  by  a  few  shreds  of  fatty  tissue  and  of 
fascia,  is  completely  detached  from  the  edge  of  the  latissimus  dorsi  and 
put  aside  for  an  immediate  and  searching  macroscopical  examination. 
Hemostasis  must  be  effected  very  carefully.  Veins  going  to  the  axillary 
are  best  clamped  before  being  cut.  As  a  rule,  we  drain  posteriorly 
through  an  incision  made  on  the  tip  of  a  dressing  forceps  pushed  back- 
ward on  the  edge  of  the  latissimus  dorsi :  the  forceps  draws  in  at  once 
a  thick  drain.  Suture  of  the  skin.  Even  when  hemostasis  has  been 
complete,  the  secretion  oozing  during  the  first  days  from  the  numerous 
severed  and  torn  lymphatic  vessels  is  by  no  means  inconsiderable,  and 
consequently  necessitates  a  large  dressing  plentifully  supplied  with  hy- 
drophile  material.  To  prevent  the  frequently  observed  stiffening  of  the 
shoulder,  it  has  been  proposed  to  fix  the  arm  in  strong  lateral  elevation, 
and  not  to  press  it  down  on  the  chest,  the  hand  and  forearm  resting  in  a 


878  OPERATIONS  ON  THE  CHEST 

sling.    Anyway,  active  and  passive  motion  and  mechanical   exercises 
must  be  be^n  early. 

If,  previous  to  the  operation,  there  are  already  enlarged  supraclavic- 


ular glands,  we  ought  to  consider  generally  such  cases  as  inoperable,  as 
the  prospects  of  a  radical  cure  are  nil.  If,  in  exceptional  cases,  we  want 
to  try  to  extirpate  also  these  glands,  we  must  expose  the  clavicle  through 
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an  incision  oblique  inward  and  upward  and  drawn  through  the  middle  of 
the  bone.  The  pectoralis  major  and  minor,  in  such  cases,  have  always 
been  previously  removed.  On  each  side  of  the  place  where  the  clavicle 
will  be  divided,  a  hole  is  bored  through  the  bone,  which  is  sawed  obliquely 
between  the  two  holes.  If,  now,  we  strongly  draw  apart  the  ends  of  the 
clavicle,  we  can  easily  inspect,  after  incision  of  the  fascia,  the  subcla- 
vian artery  and  vein,  the  nerves,  the  whole  supraclavicular  fossa,  and 
clean  all  these  structures  completely.  To  reunite  the  clavicle,  a  wire  is 
passed,  parallel  with  the  long  axis  of  the  bone,  through  the  two  drilled 
holes,  tied  or  simply  crossed  on  the  posterior  surface  of  the  bone;  one 


m.i>it«R<^ 


end  is  carried  circularly  around  the  clavicle  and  tied  with  the  other  in 
front  (see  Fig.  104.  on  page  82). 

Kocher'a  incision  is  explained  by  Fig.  390.  It  begins  on  the  collar- 
bone, a  little  internally  of  Mokrenheim's  depression  (page  109),  runs 
transversely  along  the  edge  of  the  pectoralis  muscle  through  the  axilla, 
curves  a  little  dorsally  of  the  anterior  border  of  the  latissimus  dorsi,  cir- 
cles the  inferior  margin  of  the  breast  to  the  middle  of  the  sternum,  then 
the  upper  half  circumference  of  the  gland,  to  again  end  on  the  border  of 
the  latissimus  dorsi.    Kocher  begins  by  cutting  through  the  first  seg- 
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ment  of  the  incision  the  insertions  of  the 
pectoral  muscle  and  cleaning  the  axilla  up 
to  the  clavicle.  After  which  he  completes 
the  circumferential  incision  around  the 
breast  and  removes  the  latter  together  with 
the  pectoralis  major  and  minor.  The  de- 
tails  of  Kocher's  very  finely  worked  out 
technique  must  be  read  in  his  "Surgical 
Technique,"  fifth  edition,  p.  689,  and  fol- 
lowing. 

Beck's  (of  New  York)  method  (Fig. 
391),  which  I  have  tested  in  a  few  cases, 
seems  to  me  good,  because  it  secures  from 
the  outset,  in  a  simple  way,  the  necessary 
covering  of  the  defect  resulting  from  more 
extensive  excisions  of  skin.  The  illustra^ 
"j*"  •'■  tions  borrowed  from  Becfc'a  paper  explain 

best  the  procedure.  The  incision  around 
the  breast  outlines  a  square.  The  internal 
side  of  this  square  is  lengthened  upward 
and  downward  about  6  to  8  cm.  The  same 
is  done  downward  on  the  outer  side,  while 
from  the  upper  and  external  angle  an  in- 
cision is  drawn  along  the  edge  of  the  pec- 
toral muscle  to  the  insertion  of  the  latter 
into  the  humerus.  The  skin  flaps  are  dis- 
sected and  everted,  whereby  the  whole 
operative  field  is  exposed  completely. 

2.   Operations  on  the  Ribs 

Being,  as  it  is,  the  basis  of  all  opera- 
tions on  the  thoracic  cage,  resection  of  the 
ribs  deserves  to  be  mentioned  first.  It  is 
performed  against  lesions  of  the  rib  itself, 
acute,  chronic,  typhoidic  osteomyelitis,  tu- 
berculosis, tumors,  and  as  a  preliminary 
operation  for  exposure  of  internal  thoracic 
organs.  The  ribs  are  covered  by  the  skin 
and  the  subcutaneous  adipose  tissue  which 
varies  considerably  in  its  development,  the 
external  fascia  and  numerous  muscles,  a 
detailed  enumeration  of  which  I  shall  not 
give  here.  They  are  connected  with  each 
other  by  the  intercostal  muscles:  the 
external  intercostal  muscles  have,  as  the 
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great  oblique  of  the  abdomen,  fibres  directed  from  above  and  behind 
for^rard  and  downward,  those  of  the  internal  intercostal  muscles  fol- 
low the  reverse  direction.  The  external  intercostal  muscles  are  miss- 
ing from  the  beginning  of  the  costal  cartilage  to  the  sternal  border  and 
their  place  is  taken  there  by  the  shining,  tendonlike,  external  intercostal 
ligaments  (lig.  coruscantia)  which  show  the  same  direction  of  fibres. 
On  the  contrary,  the  internal  intercostal  muscles  reach  to  the  sternal 
border  and,  behind,  to  the  angle  of  the  rib.  Between  those  two  muscular 
layers  run  the  vessels  and  nerves. 
Both  muscles  arise  from  the  lower 
border  of  the  rib,  the  external  before, 
the  internal  behind,  the  costal  groove 
(see  Fig.  392, 1,  taken  from  Coming's 
work).  This  groove  is  much  more 
marked  dorsally  than  ventrally  of  the 
axillary  line,  and  the  position  of  the 
intercostal  vessels  changes  accord- 
ingly. Dorsally  of  the  axillary  line, 
the  artery  lies  in  the  groove,  covered 
by  the  rib  (Fig.  392,  i) ;  ventrally  of 
the  same  line,  it  follows  the  lower 
border  of  the  rib  (Fig.  392,  11).  A 
smaller,  lower  branch  of  this  artery 
{Fig.  392,  //,  a,)  lies  still  here  in  the 
middle  of  the  intercostal  space,  but 
on  account  of  its  small  calibre,  it  does 
not  have  to  be  taken  into  consideration.  Therefore,  when  we  enter  the 
thorax  dorsally  of  the  axillary  line,  we  do  not  endanger  the  intercostal 
artery,  even  when  we  prick  directly  on  the  lower  border  of  the  ribs; 
while  ventrally  of  the  same  axillary  line,  if  we  want  to  avoid  wounding 
the  artery,  we  must  keep  on  the  upper  border  of  the  lower  rib  of  the 
intercostal  space.  As,  besides,  ventrally,  the  above-mentioned  small 
branch  of  the  intercostal  artery  occupies  the  middle  of  the  intercostal 
space,  we  shall,  whenever  possible,  tap  dorsally  of  the  axillary  line.  In 
growing  individuals,  the  costal  periosteum  is  very  thick  and  strips  easily 
off  the  bone,  but  in  older  subjects  it  is  very  thin.  In  the  cadaver,  the 
detachment  of  the  periosteum  is  generally  much  more  difficult  than  in 
the  living.  Internal  to  the  ribs  and  the  internal  intercostal  muscles 
lies  the  fascia  endothoracica,  which,  arising  from  the  anterior  and 
lateral  margin  of  the  body  of  the  dorsal  vertebrse,  lines  the  whole  inner 
thoracic  aspects  of  the  ribs,  the  sternum,  and  the  diaphragm.  We  shall 
have  still  often  occasion  to  allude  to  the  importance  of  this  endothoracic 
fascia. 

SubperioBteal  Reaection  of  /?ifrs. --Instruments:  a  bone  knife  and  a 
pointed  knife;  anatomical  and  surgical  thumb  forceps;  two- and  four- 
pronged  sharp  hooks  to  grasp  the  superficial  and  deep  parts;  clamps; 


Fig.  392. 


382  OPERATIONS  ON  THE  CHEST 

straight  and  curved  elevators;  straight  and  curved  dressing  1 
costotome;    rongeur;    syringe  for  aspiration  (2  to  5  c.c.) ;  eventually, 
Gigli  saw,  Roser  and  Desckamps  ligature  carrier;  sequestrum  forceps. 

Rib  resections,  even  extensive,  ought  to  be  performed  under  local 
anesthesia,  the  patient  in  a  semisitting  posture.  After  careful  disin- 
fection and  protection  of  the  operative  field,  prick  and  make  a  lump  in 
the  skin  in  the  intercostal  space  dorsally  of  the  segment  of  rib  to  be 
removed,  then  push  the  needle  until  a  distinct,  unmistakable  elastic 
resistance  indicates  the  external  intercostal  muscle  and  push  still  a  little 
deeper,  so  as  to  be  able  to  interrupt  conduction  in  the  intercostal  nerve 
between  the  external  and  intercostal  muscles,  and  inject  about2  cc.  of  a 
1%  novocain-suprarenin  solution  (Solution  III,  see  page  17,  above).  The 
same  is  repeated  in  the  next  lower  intercostal  space.    Now  only  infil- 


trate the  soft  parts  covering  the  rib.  best  from  the  depth  toward  the 
surface,  as  with  the  progress  of  infiltration  the  deeply  situated  parts 
recede  always  deeper  and  deeper  (Solution  I.  see  p.  17).  If  we  have 
several  ribs  to  resect,  we  must  infiltrate  the  corresponding  intercostal 
spaces  and  therefore  use  weaker  solutions;  for  instance,  one  tablet  A  of 
novocain-suprarenin  (0.125  N-t-0.00016  S),  dissolved  in  25  cc.  of  saline' 
solution  (Solution  II).  In  such  cases,  we  make  fiap  incisions,  generally 
with  base  upward,  while  the  incision  itself  is  generally  made  in  the  di- 
rection of  the  rib.  Generally  we  feel  the  rib,  and  with  the  thumb  and 
forefinger  in  each  one  of  the  neighboring  intercostal  spaces,  we  can 
stretch  the  soft  parts  so  that  one  sweep  of  the  knife  penetrates  at  once 
down  to  the  bone  and  divides  all  these  soft  parts.  Large,  broad,  sharp 
hooks,  bearing  at  least  four  prongs,  are  introduced  into  the  wound  and 
spread  the  soft  parts  apart;  this  stops  the  bleeding  from  smaller  vessels 
while  the  larger  are  at  once  clamped  and  ligated.     Then  the  periosteum 
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is  incised  on  the  middle  of  the  rib  and  cautiously  detached  with  a  straight 
elevator,  first  toward  the  external  end  (see  Fig.  393).  This  detachment 
is  easiest  to  effect  if  we  remember  the  direction  of  the  external  intercos- 
tal muscle,  the  fibres  of  which  pass  into  the  periosteum.  If  we  proceed 
in  the  manner  represented  in  Fig.  394,  consequently  correspondingly  to 
the  forward  and  downward  direction  of  the  muscular  fibres,  the  tearing 
away  of  the  periosteum  and  muscular  insertions  from  the  bone  will  lead 
us  naturally  to  the  following  tendinous  and  muscular  insertion,  whereas  in 
the  reverse  way  (Fig.  394.  on  the  right  side),  thepointof  the  elevator  goes 
astray  between  the  muscular  bundles  into  the  intercostal  apace.  There- 
fore on  the  upper  border  of  the  rib,  we  shall  guide  the  elevator  from  be- 
hind forward,  on  the  lower  border,  from  before  backward.  To  apply  a 
£0od  deal  of  strength  on  the  elevator,  hold  the  latter  very  short,  using  as 
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a  protecting  shield  the  thumb  or  forefinger  placed  on  the  rib.  Aa  soon  as 
the  edges  are  free,  it  becomes  easy  to  lift  the  posterior  periosteum  from 
the  rib  by  means  of  a  curved  elevator,  and  to  carry  this  elevator  subpe- 
riosteally  from  one  intercostal  space  to  the  other.  Only  in  case  the  sur- 
face of  the  ribs  is  uneven  consecutively  to  periosteal  inflammation,  we 
may  occasionally  be  compelled  to  use  a  bone  knife  and  mouse-tooth 
thumb  forceps  to  cut  away  the  soft  parts  from  the  rib.  The  latter  is 
divided  with  a  costotome.  Among  the  numerous  models,  my  preference 
goes  to  Stale's  (Fig.  395),  because  it  cuts  and  does  not  crush.  If  we 
place  edgewise  the  elevator  still  lying  beneath  the  rib,  we  may  raise  the 
rib  and  easily  introduce  behind  it  the  strongly  curved  non-cutting  blade  of 
the  costotome.  Divide  the  rib  aa  far  as  possible  in  the  angle  of  the  in- 
cision of  the  soft  parts  (Fig.  396),  lift  the  piece  of  bone  denuded  from  its 
periosteum  by  means  of  the  elevator  used  as  a  lever,  or  of  a  sharp  hook, 
make  the  costotome  slide  to  the  other  end  of  the  incision  and  cut  the  rib 
also  there.  Sharp,  projecting  edges  are  smoothed  with  the  rongeur;  the 
latt6r  instrument  serves  also  to  remove  extra  pieces  of  the  rib  when 
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deemed  necessary.    We  succeed  thus  in  resecting  segments  of  rib  of  any 
desired  length  without  endangering  the  pleura. 

In  case  of  lesions  of  the  rib  itself,  particularly  of  newgrowths  requir- 
ing the  removal  of  a  large  segment  of  the  thoracic  cage,  the  correspond- 
ing part  of  the  thoracic  wall  must  be  bared  by  the  formation  of  a  large 
iiap  of  soft  parts;  the  doomed  ribs  are  first  resected  subperiosteally  far 
in  8o\ind  tissue,  in  front  and  back,  for  a  length  of  2  or  3  cm. ;  the  poste- 
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rior  periosteum  is  very  prudently  incised  down  to  the  endothoracic  fas- 
cia, which  is  separated  by  means  of  a  blunt  instrument,  for  example 
Braatz'  sounds  (Pig.  264,  on  p.  255)  far  enough  to  enable  us  to  carry  around 
the  tissues  of  the  intercostal  space  two  silk  ligatures.  The  soft  parts 
are  then  severed  between  these.  By  still  sacrificing  a  bit  of  healthy  rib 
above  and  below  the  growth,  we  can  mobilize  the  whole  part  of  the  cheat- 
wall  involved  in  the  tumor,  so  that  it  has  only  to  be  separated  from  the 
endothoracic  fascia  (see  also  below,  Tumors  of  the  lung). 

The  posterior  and  upper  partof  the  thorax,  hidden,  as  it  is.  for  its  most 
part  under  the  shoulder-blade  and  its  muscles,  is  very  difficult  of  access. 
To  reach  it  Soar  has  devised  the  method  represented  in  Fig.  397.    T-shaped 
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skin  incision;  the  vertical  leg  being  on  the  vertebral  edge  of  the 
shoulder-blade  about  four  fingers'  breadth  far  from  the  spinous  processes 
and  extending  from  the  spine  of  the  scapula  down  to  the  lower  angle; 
the  horizontal  leg,  half  as  long,  running  on  a  level  with  the  spine  of 


the  scapula.  Dissection  of  both  skin  flaps  thus  formed  (Fig.  397,  on  the 
left,  where  the  actual  anatomical  relations  are  represented).  The  adja- 
cent borders  of  the  trapezius  and  of  the  latiasimus  dorsj  united  by  a 
tough  fascial  layer  are  liberated  and  a  notch  is  cut  into  them ;  both  these 
muscles  are  pushed  upward  and  downward.  In  Fig.  397,  on  the  right, 
the  notched  trapezius  is  drawn  toward  the  left,  and  the  notched  latissi- 
mus  dorsi  downward.     Section  of  the  rhomboideus  major  at  a  finger's 
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breadth  distance  from  its  insertion  into  the  vertebral  border  of  the  scap- 
ula, eventually  also  of  the  rhomboideus  minor  inserted  farther  above. 
These  muscles  are  dissected  toward  the  median  line,  the  scapula  is  hinged 
around  its  axillary  border  by  tractions  on  its  vertebral  edge,  and  broad 
and  blunt  hooks  are  introduced  in  the  upper  and  lower  angles  of  the 
wound.  Then  the  thorax  is  exposed,  in  so  far  as  it  is  not  covered  by  the 
long  muscles  of  the  back  and  the  serratus  posticus  and  inferior.  When 
the  operation  is  completed,  the  divided  muscles,  especially  the  rhom- 
boideus major  and  the  notches  cut  into  the  trapezius  and  the  latissimus* 
are  sutured  with  catgut. 

Still  more  difficult  to  expose  is  the  first  rib,  because  it  is  deeply 
hidden  under  the  clavicle  and  the  muscles  arising  from,  or  inserted  into, 
this  bone,  and  partly  situated  beneath  the  large  bloodvessels  and  nervous 
trunks  going  to  the  arm.  After  division  of  the  muscles  (pectoralis 
major  and  deltoid)  along  the  lower  border  of  the  clavicle,  the  latter  bone 
is  strongly  pushed  upward  by  elevating  the  arm.  Then  we  turn  our  at- 
tention to  the  lower  border  of  the  first  rib,  near  the  sternal  border,  incise 
the  periosteum  there  and  raise  it  forward  and  backward;  the  bone  is 
best  removed  with  a  rongeur  with  which  we  can  little  by  little  fetch  out  a 
large  part  of  the  first  rib  even  to  a  point  below  the  large  vessels.  Years 
ago,  I  resected  thus  a  long  segment  of  the  rib  in  a  severe  case  of  tuber- 
culosis and  obtained  a  cure. 

As  an  appendix  to  this  description  of  resection  of  the  first  rib,  I  may 
refer  here  to  FreumTs  operation  for  the  stiff  and  dilated  thorax  ob- 
served in  pulmonary  emphysema  and  Freund^s  operation  to  increase  the 
ventilation  of  the  apex  of  the  lung  in  cases  of  lesions  of  said  apex. 
Naturally  I  cannot  enter  here  into  the  theoretical  grounds  justifying 
those  operations.  The  symptoms  of  the  stiff  and  dilated  thorax,  accord- 
ing to  Freund,  are  as  follows:  Short  neck,  broadly  implanted  upon  the 
shoulders,  shortening  of  the  distance  between  the  upper  border  of  the 
manubrium  and  the  thyroid  cartilage,  jerky  inspiratory  movements,  in- 
crease in  the  straight  diameter  of  the  thorax  and  decrease  in  the  angle 
of  obliquity  of  the  ribs;  stiff,  unelastic  resistance  obtained  when  pricking 
the  costal  cartilages  with  a  Pravaz  needle.  The  operative  intervention 
must  be  made  early,  if  possible  before  the  development  of  secondary  de- 
generations (atrophy  and  rarefaction  of  lung  tissue,  atrophy  of  the  dia- 
phragm) .  Pdsslet^  and  Seidel  indicate  as  a  still  favorable  time  for  interven- 
tion that  when  respiration  is  still  sufficient  at  rest,  but  becomes  insufficient 
during  motion.  They  advise  against  operation  in  advanced  cases,  es- 
pecially in  those  with  heart  insufficiency.  All  do  not  agree  as  to  the  tech- 
nique. Some  limit  themselves  to  unilateral  removal  of  the  second,  third, 
fourth,  and  fifth  costal  cartilages  for  a  length  of  6  cm.  (or  even  less), 
others  operate  on  both  sides  either  in  one  or  several  sittings,  some  advise 
to  leave  the  posterior  perichondrium  to  avoid  wounding  the  always  very 
thin  pleura,  others  lay  special  stress  upon  removal  of  the  same;  some 
leave  by  principle  the  first  costal  cartilage  on  account  of  its  hidden  posi- 
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tion,  others  resect  it  and  eventually  remove  part  of  the  stemo-clavicular 
joint:  it  has  still  been  recommended,  in  order  to  prevent  a  new  union 
between  the  sternum  and  the  ribs,  to  interpose  a  muscular  flap  taken  from 
the  pectoralis  major,  and  also  to  remove  1  or  2  cm.  of  bone  besides  the 
cartilage.  Generally,  we  make  a  parasternal  incision  and  draw  strongly 
its  edges  outward  and  inward  respectively.  The  pectoralis  major  is 
split  bluntly  in  the  direction  of  its  fibres.  It  is  convenient  to  begin 
on  the  second  costal  cartilage,  to  operate  at  first  subperichondrially  and 
to  remove  the  posterior  perichondrium  only  later.  If  the  pleura  should 
happen  to  be  wounded,  we  must  forthwith  press  an  iodoform  gauze  tam- 
pon on  the  wounded  spot.  Remove  at  least  4  cm.  from  the  second,  third, 
fourth,  and  fifth  cartilages.  To  resect  also  the  first  rib  (which  however 
is  considered  by  the  majority  of  authors  as  superfluous),  make  an  oblique 
incision  below  the  stemo-clavicular  joint  (in  case  of  bilateral  resection, 
a  curved  incision),  and  rongeur  away  the  bone  as  has  been  said  before. 
Hildebrand  secured  an  easier  access  to  the  first  rib  by  resecting  the 
lower  half  of  the  stemo-clavicular  joint.  The  wound  is  completely 
closed.  Keep  the  operation  on  the  other  side  for  another  sitting  (Bra- 
mann  and  HUdebrand)  or  operate  only  on  the  other  side  in  case  of  re- 
currence (Seidel) .  The  results  of  this  operation  have  been  very  satis- 
factory in  some  respects. 

Mobilizing  the  first  rib  to  increase  the  ventilation  of  the  apex 
of  the  lung  in  tuberculosis  of  the  apex  not  extending  down  below  the 
second  rib  has  also  been  proposed  by  Freund.  When  tuberculosis  exists 
at  the  same  time  in  another  organ — for  instance,  the  intestines — operation 
must  not  be  resorted  to.  Before  operating,  we  must  have  noticed  a  nar- 
rowness of  the  upper  orifice  of  the  thorax  (shortening  of  the  first  rib  on 
radiographs,  pointed  shape  of  the  chest,  habitus  phtisicus)  and  ascer- 
tained the  limitation  of  the  disease  to  the  apex.  The  technique  of  re- 
section of  the  first  costal  cartilage  has  already  been  described.  Some 
writers  (Kausch,  Seidel)  report  favorable  results  from  that  Freund  oper- 
ation for  tuberculosis  of  the  apex,  others  (BraiLer,  Friedrich)  reject  the 
procedure. 

Costoplastic  pneumolysis  (Friedrich) ,  or  extrapleural  thoracoplasty 
(Spengler).  This  operation,  proposed  by  Brauer  in  severe  cases  of  uni- 
lateral lung  tuberculosis,  ought  to  be  performed,  according  to  Friedrich, 
who  hitherto  has  at  his  disposal  the  largest  operative  material,  only  when 
the  general  condition  is  fair,  and  there  are  no  active  processes  in  the  lungs 
or  evident  tuberculous  lesions  in  other  organs,  namely,  in  the  larynx  or 
bowels ;  cases  of  fibro-caseous  pulmonary  tuberculosis  progressing  slowly 
and  steadily  with  variable  fever  despite  all  internal  and  climatic  therapy, 
or  in  which  a  certain  tendency  toward  a  cure  (deep  retractions,  etc.)  is 
noted,  are  the  most  suitable  for  this  operation  which  aims  at  relaxing 
the  cavernous  tissue  of  the  lung  and  allowing  it  to  shrink.  Technique: 
Friedrich  advocates  the  following  procedure:  20  minutes  before  the 
operation  0.015  or  0.02  gr.  morphin  subcutaneously,  semisitting  posi- 
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tion,  the  upper  part  of  the  body  being  elevated  at  30°  and  rotated  45°  on 
the  healthy  side.  The  arm  of  the  diseased  side  is  held  vertically  up- 
ward. Anesthesia  by  ethyl  chlorid  spray  and  infiltration.  Incision  begin- 
ning one  finger's  breadth  below  the  clavicle,  three  fingers'  breadth  outside 
of  the  sternal  border,  descending  along  the  limit  of  the  cartilages  down 
to  the  tenth  rib,  curving  along  the  latter  to  a  point  three  fingers'  breadth 
away  from  the  spinous  process  of  the  tenth  dorsal  vertebra,  then  ascend- 
ing again  vertically  upward,  and  dividing  the  skin  and  the  muscles. 
Bleeding  vessels  are  clamped.  Then  light  chloroform  anesthesia.  De- 
tachment, as  quick  as  possible,  of  the  whole  skin-and-muscle  flap  up  to 
the  axilla  and  the  subclavian  vessels.  Raising  of  the  shoulder-blade 
from  the  thorax  so  that  it  stands  perpendicular  to  the  chest-wall.  Sub- 
periosteal denudation  of  the  ribs  between  the  second  and  the  tenth,  from 
the  cartilage  to  the  vertebral  junction.  For  this  step,  Friedrich  devised 
a  special  strongly  curved  elevator.  Removal  of  the  intercostal  muscles 
and  of  the  pleural  periosteum  as  quick  as  possible  after  double  ligature 
and  without  wounding  the  fascia  endothoracica.  Ligation  of  the  clamped 
vessels  of  the  skin-and-muscle  flap.  General  anesthesia  is  then  no  longer 
necessary.  Suture  of  the  large  muscle  flap  (about  15  separate  catgut 
stitches).  Suture  of  the  skin  with  silk.  Drain  through  the  lowermost 
part  of  the  incision.    Friedrich' s  results  were  favorable. 

I  shall  still  mention  here  shortly  injections  of  nitrogen  into  the 
pleiua  to  put  to  rest  a  severely  diseased  tuberculous  lung.  More  com- 
plete details  about  this  intervention,  frequently  resorted  to  by  internists, 
especially  by  Brauer,  will  be  found  in  the  latter's  *' Therapeutic  Pneumo- 
thorax," DeutscK  med.  Wochenschr.,  1906,  No.  17,  p.  652. 


3.  Operations  on  the  Sternum 

Total  and  partial  resections  of  the  sternum  are  made  for  inflammatory 
processes  and  tumors  originating  in  the  sternum  itself,  the  anterior  me- 
diastinum or  the  lungs.  It  has  been  established  that  removal  of  even 
the  whole  sternum  has  not  necessarily  an  essential  influence  on  respira- 
tion. In  operations  on  the  sternum,  dangers  may  come  from  the  blood- 
vessels or  from  injury  to  the  pleura  or  pericardium.  Among  the  larger 
bloodvessels  the  internal  mammary  is  the  first  to  consider:  its  position 
and  ligation  are  more  precisely  described  on  page  112.  In  the  extirpa- 
tion of  large  growths,  where  anatomical  relations  are  generally  pro- 
foundly altered,  the  artery  will  not  always  be  found  in  its  normal 
place,  and  occasionally  we  may  be  obliged  first  to  check  bleeding  by 
packing.  But  in  all  cases,  we  must  subsequently  attempt  to  ligate  the 
internal  mammary  at  the  site  of  election,  as  many  cases  of  death  are 
chargeable  to  hemorrhage  from  this  vessel  which  is  kept  patent  by  tho- 
racic aspiration.  The  danger  resulting  from  the  wounding  of  one,  or 
even  both,  pleurae  if  we  do  not  operate  under  differential  pressure  as 
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described  below,  may  be  coped  with,  as  Koenig  has  shown,  by  immediate 
gauze  packing.  Injury  to  the  pericardium,  whose  relative  position  as 
to  the  sternum  is  more  exactly  set  forth  farther  below,  will  generally  be 
very  easy  to  avoid. 

In  partial  resection  of  the  sternum,  for  instance  for  tuberculosis,  the 
following  procedure  is  the  easiest.  Longitudinal  incision  in  the  middle 
line,  reaching  onto  the  bone  and  extending  from  the  sternal  notch  to  the 
base  of  the  xiphoid  appendix.  Detachment  of  the  pectoralis  major  on  each 
side  as  far  as  necessary  to  expose  the  insertions  of  the  costal  cartilages. 
The  costal  cartilages  are  best  divided  by  first  cutting  out  with  a  bone 
knife  a  small  wedge  of  cartilage  close  to  the  sternum  and  deepening  little 
by  little  the  gap  by  removing  on  each  side  small  chips  of  cartilage  until 
the  posterior  perichondrium  is  reached.  When  two  or  three  cartilages 
have  been  thus  divided  on  each  side,  it  becomes  easy  to  introduce  a  cor- 
respondingly shaped  elevator  behind  the  sternum  and  subperiosteally  to 
free  the  whole  posterior  surface  of  the  bone ;  then  a  Gigli  saw  is  carried 
behind  the  sternum  and  the  bone  is  sawed  from  within  outward  aS  in  tre- 
phining (page  254).  A  sharp,  thin,  and  not  too  broad,  cutting-chisel  may 
also  be  used  to  divide  the  bone.  Elevators  slipped  on  each  side  under- 
neath the  bone  protect  the  pleura  against  injury  by  saw  or  chisel.  The 
loosened  segment  of  sternum  is  grasped  with  a  bone  forceps,  carefully 
lifted  and  separated  by  blunt  dissection  from  the  still  adhering  periosteum 
or  perichondrium,  and  finally  removed.  The  marrow  bleeds  strongly,  as  a 
rule,  and  the  bleeding  must  be  checked  by  packing.  If  we  want  to  enter 
the  anterior  mediastinum,  the  posterior  periosteum  must  be  cautiously 
incised  on  a  grooved  director.  If  the  operation  is  for  tuberculosis  of  the 
sternum,  remove  the  bone  as  far  as  it  is  undermined  by  pus  and  gran- 
ulations :  this  is  easy  to  do  with  a  Luer  rongeur,  once  a  hole  has  been 
made  in  the  bone.  According  to  Koenig,  in  tuberculosis  of  the  sternum, 
parsimony  in  the  operation  with  preservation  of  undermined  bone  is  soon 
avenged  by  recurrence. 

Resection  of  the  manubrium  has  been  recommended  by  Bardenheuer 
for  ligation  of  the  innominate  artery  and  vein,  and  of  the  subclavian 
artery,  for  aneurysms  and  injuries;  also  for  opening  or  exposing  retro- 
sternal abscesses  or  tumors.  Bardenheuer  makes  a  crucial  incision,  the 
horizontal  limb  of  which,  slightly  curved,  runs  from  the  external  end  of 
the  internal  third  of  one  collar-bone  over  the  upper  border  of  the  stemimi 
to  the  symmetrical  point  on  the  opposite  side;  the  vertical  limb  descends 
in  the  midline  from  the  larynx  to  the  body  of  the  sternum  or  still  farther 
downward.  The  transversal  incision  divides  successively  the  skin,  the 
superficial  fascia,  the  insertion  of  the  stemo-cleido-mastoid  muscle,  the 
superficial  layer  of  the  middle  cervical  fascia,  the  stemo-hyoid,  the  sterno- 
thyroid muscle,  and  the  deep  layer  of  the  middle  cervical  fascia.  De- 
tachment of  the  periosteum  from  the  posterior  border  of  the  clavicle, 
from  both  first  ribs  and  from  the  sternum ;  subperiosteal  resection  of 
about  an  inch  from  the  left  clavicle  and  from  the  two  upper  left  ribs,  so 
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as  to  be  able  to  detach  without  danger  the  posterior  periosteum  of  the 
sternum  down  to  the  body  of  the  bone.  Section  of  the  sternum  between 
manubrium  and  corpus,  by  means  of  a  chisel,  subperiosteal  freeing,  and 
sawing  of  the  right  clavicle  and  of  both  upper  right  ribs  an  inch  away 
from  the  sternal  edge. 

Kocher's  Osteoplastic  Resection  of  the  Manubrium. — Outline  first 
a  laterally  pediculated  flap.  The  upper  horizontal  incision  runs  from  one 
stemo-clavicular  joint  transversely  to  the  other  through  the  jugular  fossa 
and  reaches  at  once  down  to  the  bone.  The  insertion  of  both  stemo- 
cleido-mastoid  muscles,  the  articular  capsule  of  both  stemo-clavicular 
joints;  behind,  the  superficial  and  deep  layer  of  the  middle  cervical  fas- 
cia together  with  the  insertions  of  the  stemo-hyoid  and  stemo-thyroid 
muscles  are  detached  with  the  periosteum  of  the  sternal  notch.  The 
vertical  incision  runs  along  the  sternal  border  to  the  upper  border  of  the 
third  left  costal  cartilage ;  the  lower  horizontal  from  the  lower  end  of  the 
vertical  to  the  other  sternal  border.  The  left  stemo-clavicular  joint  is 
opened,  then  the  second  cartilage  and  the  first  are  divided  subperichon- 
drially  in  the  order  named.  The  sternum  being  lifted  up  by  a  sharp  hook, 
its  posterior  surface  becomes  accessible,  the  soft  parts  are  pushed  away 
carefully  and  the  bone  is  divided  cautiously  transversely  on  a  level  with 
the  lower  border  of  the  second  costal  cartilage.  Then,  after  breaking 
the  first  and  second  cartilages  of  the  right  side  (the  posterior  capsular 
insertions  of  the  right  stemo-clavicular  joint  have  already  previously 
been  opened)  we  can  hinge  over  the  manubrium  toward  the  right  side 
and  the  structures  of  the  anterior  mediastinum,  the  line  of  reflexion  of 
both  pleurae,  the  vena  cava  superior,  the  vena  anonyma,  the  aorta,  event- 
ually an  intrathoracic  goitre,  the  thymus,  the  lymphatic  glands,  lie  free 
before  us. 

Milton's  method  of  opening  the  anterior  and  also  the  posterior  medi- 
astinum by  dividing  the  sternum  in  the  midline  has  not  found  many 
partisans.  Milton  incises  from  the  thyroid  cartilage  down  to  the  ensi- 
form  process,  divides  the  latter  transversely,  and,  with  a  bone-cutting 
forceps,  splits  the  whole  sternum,  beginning  in  the  sternal  notch  and 
draws  both  halves  apart,  so  that  a  longitudinal  gap,  about  2  to  2i  inches 
wide,  is  the  result.  {Enderlen  was  able,  in  experiments  on  the  cadaver, 
to  obtain  a  gap  4  inches  wide.) 


4.  Surgery  of  the  Pericardium  and  Heart 

The  difficulties  the  surgeon  meets  when  exposing  the  pericardium  and 
the  heart  rest  essentially  on  this  fact,  namely,  that  the  pericardium  is  on 
most  of  its  surface  covered  by  the  pleurae,  so  that  in  normal,  non-emphy- 
sematous  lungs,  only  a  small  triangular  area  of  its  inferior  and  middle 
part  is  situated  directly  behind  the  sternum  without  interposition  of 
pleura.    The  base  of  this  triangle  corresponds  about  to  the  level  of  the 
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base  of  the  cnsiform  appendix.  One  of  the  sides  of  the  triangle  follows 
fairly  exactly  the  middle  line  upward,  the  other  runs  obliquely  on  the 
left  side  of  the  body  from  below  and  outside  upward  and  inward.  Be- 
tween these  two  sides  of  the  triangle,  there  remains  in  the  fourth  and 
fifth  intercostal  spaces  a  narrow  place  in  which  the  pericardium  lies 
directly  under  the  triangxilaris  sterni  muscle.  In  children,  the  heart  is 
about  one  intercostal  space  higher  than  in  adults.  In  forced  inspiration, 
the  pleurae  and  lungs  overlap  the  pericardium  more  than  in  expiration. 


EJec  of  the 

compressed  lung 


Fig.  398. — Diagram  of  a  Moderate  Effusion  in  the  Pericardium. 


According  to  Curachmann,  when  the  pericardium  is  filled  with  an  exu- 
date, the  heart  is  close  behind  the  sternum  and  the  costal  cartilages,  and 
consequently  can  be  easily  wounded  in  tappings.  In  Fig.  398  are  rep- 
resented the  anatomical  relations  in  case  of  moderate  effusion  in  the 
pericardium  as  defined  on  the  fluoroscopic  screen  and  by  percussion.  As 
expansion  of  the  pericardium  forward  or  backward  is  prevented  by  the 
sternum  and  the  spinal  column,  a  large  effusion  may  only  collect  in  the 
lateral  parts  (and  press  on  the  pleurae,  the  lungs,  and  the  diaphragm), 
and  in  the  space  around  the  big  vessels,  in  the  so-called  dome.    The  thin 
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parts  of  the  heart  contained  in  the  latter,  that  is,  the  auricles,  are  the 
first  to  feel  the  effects  of  compression  when  intrapericardial  tension  in- 
creases ;  the  entrance  of  the  blood  from  the  venae  cavae  into  the  ventricles 
is  hindered,  the  heart  contracts  on  empty  cavities  and  finally  stops  (heart 
tamponade.  Rose).  The  more  suddenly  the  effusion  develops,  the  greater 
the  danger  of  heart  tamponade,  the  symptoms  of  which  are  briefly  as  fol- 
lows :  cyanosis,  dyspnoea,  small,  weak,  irregular  pulse,  enlargement  of 
the  heart  dulness,  weak  heart-sounds  heard  as  if  from  a  distance,  while 
percussion  and  auscultation  pulmonary  findings  are  normal.  If,  after  a 
wound  in  the  heart  region,  we  find  increasing  pallor  and  dulness  over  the 
lung  area,  the  pleural  cavity  is  also  involved  and  the  patient  may  event- 
ually bleed  to  death  into  said  cavity. 

Tapping  of  the  Pericardium. 

Besides  the  pleurae  and  heart,  the  position  of  which  has  just  been 
briefly  sketched,  the  internal  mammary  artery  is  also  endangered  in 
tapping  of  the  pericardium.  Simple  exploratory  puncture  of  the  peri- 
cardium with  Pravaz*  syringe  is  best  made  directly  on  the  left  sternal 
lK>rder  in  the  fifth  intercostal  space,  where  we  surely  avoid  the  pleurae 
and  the  internal  mammary  artery,  but  where  we  may  occasionally  prick 
this  heart,  or  in  the  mammillary  line  in  the  fifth  intercostal  space  where 
iho  mammary  artery  and  the  heart  are  not  imperilled,  but  where  we 
rnijMt  nncoHHarily  go  through  the  pleura.  In  exudative  processes,  espe- 
cially Mupfiurative,  this  seems  to  be  less  dangerous,  as  both  pleural  layers 
an*  y^o.w.mWy  matted  together  by  adhesions,  and  we  do  not  necessarily 
liavn  to  tco  through  the  open  pleural  cavity.  C^irschmann  advises  to  tap 
alwayn  far  outside  at  the  limit  of  dulness  and  to  go  without  fear  through 
tliH  |il<Mjral  aivity,  even  if  the  latter  is  free,  so  as  to  be  sure  to  avoid 
Injury  U)  the  heart.  On  the  whole,  authors  are  not  unanimous  as  to 
tim  »il.u  of  U4|)ping,  and  no  general  schema  applicable  to  all  cases  can  be 
Klv<*n.  ()<T4iHi<)nally,  when  the  heart  adherent  to  the  pericardium  forms 
a  partition  In^tween  both  halves  of  the  latter  and  divides  it  into  two 
hitparaln  ixiurhoH,  we  may  be  compelled  to  tap  through  the  fifth  intercos- 
tal Hparn  along  the  right  border  of  the  sternum.  For  the  emptying  of 
lar^/ii  KlfuHionH,  w(i  must  be  guided  by  the  dulness  chart  and  the  findings 
of  lUti  lixploraUiry  tapping.  For  evacuation,  use  large  trocars  prefer- 
ably ronniM'ti'd  with  an  aspirator,  either  Potain's  (Fig.  399)  or  Dieulafoy^s 
M*'iK«.  4tM)  and  401).  Potain's  instrument  consists  of  a  trocar,  a  glass 
but  till  containing  alM)ut  i  litre,  and  a  small  air-pump,  all  three  connected 
by  rubbur  tubcH  and  adjustments  provided  with  stoppers.  The  trocar 
JH  HO  ronnt  ruct.4*d  that,  after  withdrawing  the  point,  we  can  close  its 
lunum  by  turning  acock  so  as  to  prevent  the  entrance  of  air  through 
\\\k\  t  libit.  Aft<^r  th«!  puncture,  the  air  is  partly  pumped  out  from  the  bot- 
tl«  by  nmanH  of  th«  air-pump  and  the  stopper  opened.  There  exist  two 
niodolH  of  Divuhf^foif'H  aspirator.  That  represented  in  Fig.  400  is  a  syringe 
for  tdthur  aHpirating  or  injecting  (it  can  be  used  as  well  for  aspirating 
ati  for  injecting  fluids),  connected  by  means  of  a  two-way  stopper  on  one 
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side  with  the  tapping  needle  on  the  other  with  a  rubber  tube.    The 
same  result  is  obtained  with  Bier's  syringe  (Fig.  13,  on  page  23),  which 


Fig.  400.  -i  natural 


has  the  advantage  of  being  completely  and  easily  sterilizable  by  boiling. 
The  model  oiDieidafoy's  aspirator,  shown  in  Fig.  401,  resembles  Potain's, 
and  serves  only  for  the  aspiration  of  large  quan- 
tities of  fluid  from  large  cavities  of  the  body, 
pleura  and  peritoneum.  The  air-pump  is  here 
directly  adjusted  on  the  bottle  which  contains  at 
least  1.5  litres.  Careful  disinfection  of  the  opera- 
tive field  precedes  an  exploratory  puncture  jiast  as 
well  as  a  tapping  for  emptying  large  collections. 
The  depth  at  which  we  may  expect  to  find  the 
exudate  is  deducted  from  the  previous  exploratory 
puncture.  We  ought  never  to  go  deeper  than  1  or 
IJ  inches.  If  we  do  not  then  reach  the  effusion,  it 
is  safer  to  perform  pericardiotomy,  as  described 
below.  It  is  not  indispensable,  but  it  is  good  for 
the  safe  introduction  of  the  needle  or  trocar  with- 
out deviation,  to  make  a  short  transversal  incision 
through  the  skin  and  subcutaneous  fat  at  the  place 
of  tapping,  after  anesthetizing  the  skin  with  a 
Sehhick  lump.  If  the  needle  is  slowly  pushed  on- 
ward, a  distinct  resistance  is  generally  felt  when 
going  through   the    distended    periciu^ial    wall,  Fio.  «1. 

and   care  must  be  taken  to  cease  pressing  on 

the  needle  as  soon  as  said  resistance  yields.     When  tapping  along  the 
sternal  border,  the  needle  or  trocar  is  pushed  perpendicularly  to  the  sur- 
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face  down  to  the  pericardium,  but  after  the  latter  is  entered,  obliquely 
downward  and  inward,  so  as  to  avoid  wounding  the  heart.  Curschmann 
recommends  to  empty  the  pericardial  effusion  only  very  progressively. 
If  we  have  to  deal  not  with  a  serous  or  serofibrinous  exudate,  but  with 
pus  or  an  infected  blood  extravasation,  we  must  not  be  satisfied  with  tap- 
ping and  aspiration,  but  perform  pericardiocentesis  or  pericardiotomy, 
and  even  resect  a  fragment  of  costal  cartilage  to  provide  a  free  drainage 
for  the  pus.  Oilier  advocates  removing  the  fifth,  Kocher  the  sixth  costal 
cartilage,  subperichondrially  if  feasible.  The  somewhat  curved  incision, 
convex  downward,  begins  on  the  middle  of  the  sternum,  and  runs  along 
the  sixth  rib  to  the  junction  of  the  cartilage  with  the  bone.  After  split- 
ting and  raising  the  perichondrium  of  the  anterior  surface,  a  small  Wedge- 
shaped  fragment  of  cartilage  is  cut  with  a  bone  knife,  as  explained  on 
.  page  389,  close  to  the  sternum  until  the  posterior  perichondrium  is  reached ; 
a  curved  elevator  used  as  a  lever  lifts  the  cartilage,  and  a  second  detaches 
cautiously  the  posterior  perichondrium.  Generally  the  cartilage  breaks 
spontaneously  at  its  junction  with  the  bone,  and  can  be  easily  removed. 
If,  in  addition,  we  still  divide  transversely  the  soft  parts  of  the  inter- 
costal space  in  the  fourth  and  fifth  spaces,  we  can  easily  pass  two  liga- 
tures around  the  internal  mammary  vessels  lying  on  the  triangularis 
stemi  muscle,  and  sever  them  between  these  two  ligatures.  Then  the 
triangularis  stemi  is  carefully  split  with  a  Kocher  spatula  and  pushed 
outward.  As  it  is  only  loosely  connected  with  the  pericardium,  but  firmly 
with  the  pleura,  the  latter  is  simultaneously  pushed  away  with  it.  Then 
a  longitudinal  fold  of  pericardium  is  lifted  with  two  mouse-tooth  thumb 
forceps  or  with  two  hemostatic  clamps  and  incised  very  carefully ;  as  the 
pericardium  may  be  adherent  to  the  heart  (thin- walled  right  ventricle), 
the  latter  might  be  wounded,  or  even  its  cavity  opened.  The  incision  is 
lengthened  with  knobbed  scissors.  After  the  exudate  has  been  evacu- 
ated, a  short  rubber  drain  (or,  still  better,  according  to  Rehn,  two,  one  on 
the  right  side  and  one  on  the  left:  see  below)  is  introduced  and  a  large 
dressing  applied. 

Rehn  advocates  opening  the  pericardium,  as  well  for  diagnostic  pur- 
poses as  for  drainage,  in  the  following  way,  which,  after  him,  is  the 
safest  to  protect  against  injury  to  the  pleura,  and  the  best  to  empty  well 
the  pericardium : 

Curved  incision  on  the  lower  border  of  the  seventh  left  rib  about  2J 
inches  long,  going  to  the  ensiform  process  and  passing  transversely  over 
it.  Division  of  the  seventh  costal  cartilage  close  to  its  junction  with  the 
sternum  (besides  the  skin,  we  still  have  to  divide  here  the  insertion  of 
the  rectus  abdominis).  The  internal  mammary  vessels  are  avoided;  the 
finger  pushes  away  the  soft  parts  and  is  insinuated  under  the  sternum, 
between  the  triangularis  stemi  and  the  sternal  insertion  of  the  dia- 
phragm. The  stemo-pericardial  ligament,  stretched  between  the  ster- 
num and  pericardium,  is  a  good  guide.  A  small  fragment  is  nipped  off 
from  the  sternum,  another  from  the  seventh  cartilage,  eventually  one 
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from  the  sixth;  the  seventh  cartilage  and  the  sternum  are  raised  by 
means  of  a  blunt  hook.  Beneath  a  more  or  less  thick  layer  of  fatty  tis- 
sue, we  find  here  the  sternum  free  without  interposition  of  pleura.  If 
we  proceed  upward  directly  underneath  the  sternum,  there  is  no  possi- 
bility of  wounding  the  peritoneum.  The  pericardium  is  fastened  with 
two  artery  forceps,  drawn  forward,  and  incised  between  the  two 
forceps.  If  it  is  necessary  to  drain,  introduce  a  drain  on  the  left  side 
and  one  on  the  right,  as  a  walled-off  effusion  may  exist  on  the  right  side. 
Eventually,  the  pericardium  may  be  immediately  closed  by  suture. 

Cardiolyaia  {Brav£r). 

Extensive  adhesions  between  the  heart  and  the  thoracic  wall  compel 
the  heart  during  the  systole  to  draw  inward  the  chest- wall,  and  increase  its 
work  to  such  an  extent  that  degeneration  of  the  myocardium  and  grave 
disturbances  of  compensation  result.  Brauer  tried  to  lighten  the  burden 
of  the  heart  by  removing  the  bony  parts  of  the  chest-wall  in  the  place 
corresponding  to  the  adherent  heart:  he  calls  this  operation  cardiolysis. 
Owing  to  the  possibility  of  regeneration  of  the  ribs  from  the  periosteimi 
left  in  place,  and  of  a  recurrence  arising  therefrom,  most  surgeons  urge  the 
thorough  removal  of  the  periosteum:  but  this  may  bring  about  consider- 
able difficulties  on  account  of  the  risk  of  wounding  the  pleura. 

Koenig  (of  Altona)  in  one  case  removed  only  the  bone,  2  inches  from  the 
sixth  costal  cartilage  and  i  inch  from  the  rib  itself,  and  as  much  from 
the  fifth  and  fourth  ribs.  The  incision  begins  on  the  sternal  border,  on 
a  level  with  the  fourth  rib,  descends  to  the  seventh  intercostal  space, 
then  curves  upward  again  and  ends  at  the  intersection  of  the  mammillary 
line  and  of  the  sixth  rib.  The  ribs  are  freed  one  at  a  time  and  care- 
fully shelled  out  subperiosteally.  Koenig^s  patient,  a  woman,  died  of 
miliary  tuberculosis  after  two  and  a  half  years  of  comfortable  life,  and 
at  autopsy,  the  thoracic  wall  in  the  region  operated  upon  was  still  com- 
pletely depressible.  Consequently  Koenig  believes  himself  authorized  to 
advise  to  leave  the  posterior  periosteum  to  protect  surely  the  pleura,  and 
to  remove  only  the  anterior. 

Wounds  of  the  heart,  accompanied  by  hemorrhage  within  the  peri- 
cardium and  compression  of  the  heart  itself  (heart  tamponade),  require 
exposure  of  the  heart.  Wounds  inflicted  by  a  pointed  instrument,  the 
point  of  which  breaks  off  and  remains  stuck  in  the  heart,  and  gunshot 
wounds  furnish  the  most  frequent  indications ;  but  we  must  not  hold  for 
trifling  wounds  caused  by  needles,  as  in  a  number  of  cases  when  the 
needle  was  stuck  in  the  thorax,  the  motion  of  the  heart  made  it  tear  in 
time  a  large-sized  hole.  In  most  cases,  the  pleura  is  wounded,  besides 
the  pericardium  and  the  heart,  and  a  pneumothorax  is  present.  It  is 
advised  in  such  cases,  particularly  when  prompt  action  is  imperative,  to 
disregard  the  pleura,  owing  to  the  already  existing  pneumothorax,  and 
not  to  waste  time  resecting  ribs  subperiosteally;  meanwhile,  of  course, 
taking  the  utmost  precautions  to  avoid  a  bilateral  pneumothorax.  But, 
after  all,  we  never  can  know  whether  an  extension  of  the  pneumothorax 
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would  not  be  attended  by  considerable  danger  and,  whenever  possible,  we 
always  ought  to  attempt  to  open  the  pericardium  in  a  place  where  the 
pleura  is  not  wounded.  If  we  have  a  differential  pressure  apparatus  at 
our  disposal,  we  can  do  away  with  the  danger  of  pneumothorax  and  need 
not  be  so  particular  about  the  technique.  In  all  operations  on  the  heart ' 
and  pericardium,  the  most  careful  asepsis  is  absolutely  imperative,  as 
those  two  serous  membranes,  the  pleura  perhaps  still  more  than  the  peri- 
cardium, are  far  more  susceptible  toward  infection  than,  for  instance, 
the  peritoneum. 

The  simplest  method  to  expose  the  pericardium  is  to  make  an  inter- 
costal incision  and  to  draw  the  ribs  apart  by  means  of  blunt  hooks ;  when- 


itv"i'  iHiMHil)!*'  in  case  of  hurry,  the  retractors  are  introduced  through  the 
iixloniitl  w<iuiui,  iw  advised  by  Wilms  and  accepted  hy  Rehn.  According 
Id  Iti-fiii,  i(.  in  Ih'hL  to  begin  by  an  intercostal  incision  in  the  fifth  space 
uitil  III  ilniw  on  this  incision  another  going  vertically  upward  in  the  mid- 
line III-  iilotig  Hut  left  sternal  border  (Durante's  incision,  Fig.  402).  As  a 
Hiiii|ilii  iiiUirnwUl  incision  does  not  generally  give  enough  room,  we  shall 
IM'Hi'l  ti'itlly  nnvi'r  1m>  able  to  do  without  that  vertical  incision  going  up  to 
Ih"  mltfit  of  Uii'  third  rib.  Kocher  still  adds  another  horizontal  incision 
ulidiil  :t  inrliiw  long  in  the  third  intercostal  space.  For  the  purpose  of  better 
iirioiituUoii,  it  JH  alno  advisable  to  remove  completely  and  subperiosteally 
at  IwiHt,  u  wholti  ctwUil  cartilage  after  dividing  it  near  the  sternal  bor- 
iltir,  uiul,  if  need  t>e,  dividing  also  the  seventh  costal  cartilage  which  is 
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connected  with  the  lower  border  of  the  sixth  and  fifth.  Then  we  see 
distinctly  the  internal  mammary  vessels  lying  on  the  transversus  tho- 
racis muscle  (triangularis  stemi).  These  vessels  may  be  spared  or 
ligated.  If,  now,  we  divide  carefully  the  fibres  of  the  triangularis  stemi, 
we  reach  the  so-called  endothoracic  fascia  {Luschka),  and  between  the  lat- 
ter and  the  muscle  we  can  detach  bluntly  the  pleura  and  the  pericardium. 
This  can  be  done  as  well  under  the  next  upper  rib  (the  fifth)  and  also 


under  the  sternum.  Then  we  can  easily  cut  the  fifth  costal  cartilage  at 
its  sternal  insertion,  either  from  without  inward  or  vice  versd,.  If,  now, 
we  raise  the  fifth  cartilage,  we  come  on  the  fourth  and  third,  which  are 
also  cut,  and  the  whole  skin-muacle-and-rib  flap  is  folded  outward,  or  the 
costal  cartilages  are  broken  at  their  junction  with  the  bony  ribs.  If  the 
lungs  are  normal,  we  already  see  in  the  lower  part  of  the  wound  the  ten- 
dinous shining  pericardium.  The  limit  between  the  pleura  and  pericardium 
is  frequently  well  indicated  by  a  streak  of  more  abundant  adipose  tissue 
(Fig.  403) .     But  if  the  left  pleura  overlaps  much  the  pericardium,  it  often 
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happens  that  we  can  hardly  see  anything  of  the  pericardium;  we  must  go 
beneath  the  sternum,  eventually  even  divide  the  latter  transversely  at  the 
level  of  the  third  and  fifth  intercostal  spaces  with  a  cutting-bone  forceps 
or  a  chisel,  and  hinge  it  toward  the  right  side  after  breaking  also  the 


fourth  right  costal  cartilage.  We  then  get  in  all  cases  a  good  view  of 
the  pericardium:  we  can  open  it  vertically  upward  between  the  folds  of 
reflexion  of  both  pleurae,  and  lengthen  the  incision  toward  the  left  side, 
downward  and  outward,  as  needed  to  make  a  large  surface  of  the  heart 
The  pericardium  is  fastened  with  artery  forceps  (Fig.  404). 
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Lorenz  ( Wehr,  Pagenstecher)  makes  a  flap  incision  which  begins  on 
a  level  with  the  third  costal  cartilage  on  the  right  sternal  border,  runs 
horizontally  toward  the  left  side  to  the  junction  of  the  left  costal  carti- 
lage with  the  bony  rib,  then,  following  the  ends  of  the  costal  cartilages, 
runs  downward  to  the  fifth  intercostal  space,  bends  sharply  toward  the 
base  of  the  xiphoid  process  and  ends  here  on  the  right  border  of  the  ster- 
num (Pig.  405).  The  incision  divides  the  skin,  the  fascia,  above  and 
laterally,  the  insertion  of  the  pectoralis  major  muscle,  below,  that  of  the 
rectus  abdominis.  The  internal  mammary  vessels  are  freed  and  ligated 
after  division  of  the  intercostal  muscles  of  the  third  space.  The  trans- 
versus  thoracis  muscle  is  also  cut,  before  we  reach  the  endothoracic  fas- 
cia.   The  latter,  together  with  the  pleura  and  pericardium,  are  detached 


Fig.  406. 


Fig.  406. 


bluntly  from  the  posterior  surface  of  the  ribs  and  sternum;  this  is  best 
done  with  the  bent  left  forefinger.  Next,  we  cut  across  the  sternum 
on  a  level  with  the  upper  skin  incision,  and  farther  outward,  the  fourth 
costal  cartilage  at  its  junction  with  the  rib.  After  raising  the  thus 
mobilized  costal  cartilage,  the  fascia  endothoracica  is  further  detached 
from  the  fifth  rib,  the  latter  is  divided,  the  soft  parts  of  the  fifth  space 
are  incised  and,  finally,  the  sternum  is  divided  below  at  the  level  of  the 
fifth  intercostal  space.  The  whole  akin-costal  cartilage-sternum  flap  is 
folded  over  toward  the  right  side  after  breaking  of  the  fourth  and  fifth 
right  cartilages,  and  the  pericardium  is  entirely  exposed. 

The  blood  in  the  pericardium  is  carefully  mopped,  the  heart  quickly 
brought  forward  and  held  outside,  best  with  the  help  of  the  following  arti- 
fice indicated  by  Sauerbnick  (Fig.  406).    Sterilized  linen  gloves  facili- 
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tate  considerably  the  holding  of  the  slippery  heart.  The  left  hand  is 
placed  above  on  the  base  of  the  heart  so  that  the  auricles  lie  between  the 
third  and  fourth  fingers,  while  the  thumb  and  forefinger  grasp  and  dis- 
locate outward  the  ventricular  part.  The  kinking  of  the  vessels  of  the 
pedicle  of  the  heart  lessens  considerably  the  hemorrhage:  at  the  same 
time  the  heart  is  immobilized  for  the  suture  and  the  wound  can  be  re- 
paired. Always  make  sure  that  besides  the  wound  on  the  anterior 
aspect  there  is  not  another  one  on  the  posterior  surface.  The  suture  is 
made  with  strongly  curved  round  needles  (intestinal  needles)  and  not  too 
fine  silk :  the  needle  is  passed  through  the  wall  of  the  heart  down  onto  the 
edge  of  the  endocardium  on  one  side,  then  in  the  reverse  manner  on  the 
other  side,  and  the  threads  are  quickly  tied  by  an  assistant  just  taut 
enough  to  approximate  well  the  edges  of  the  wound.  The  tying  of  the 
knot  is  best  effected  during  the  diastole.  This  step  of  the  operation  must 
always  be  completed  as  quickly  as  possible.  Then  the  heart  is  put  again 
in  its  normal  position,  the  pleura  and  pericardium  completely  closed  when 
there  is  no  evidence  of  incipient  pleuritis  or  pericarditis,  l^e  plastic  flap 
is  readjusted  in  the  loss  of  substance  and  carefully  stitched  therein. 
Sauerbruch  recommends  to  operate  on  the  heart  in  the  differential  pressure 
pneumatic  chamber  (see  below) ;  first,  because  of  the  elimination  of  the 
danger  of  pneumothorax ;  secondly,  because  of  the  possibility  of  regulating 
the  pneumothorax,  as  a  difference  in  pressure  of  3  mm.  mercury  reduces 
considerably  bleeding  from  the  heart  wound  and  makes  the  suture  easier 
owing  to  relaxation  of  the  heart- wall ;  finally,  because  a  raising  of  the 
negative  pressure  to  -  8  mm.  mercury  suppresses  the  pneumothorax  and 
allows  of  complete  closure  of  the  wound  and  of  the  pleura. 

If  suppurative  pericarditis  develops,  reopen  the  middle  part  of  the 
lower  horizontal  incision  and  drain  the  pericardium  on  both  sides,  as  said 
above.  Empyema,  after  a  wound  of  the  heart,  must  be  treated  as  will 
be  indicated  below.  Patients  with  a  pericardial  drain  must  assume  in 
bed  the  semisitting  position. 

Trendelenburg's  Operation  for  Embolism  of  the  Pulmonary  Artery. 

According  to  Trendelenburg,  the  time  between  embolism  and  death, 
about  a  quarter  of  an  hour,  is  generally  long  enough  to  permit  a  surgical 
intervention  to  be  attempted.  Provided,  however,  a  person  familiar  with 
the  symptoms  of  pulmonary  embolism  is  constantly  in  attendance  and 
sunmions  forthwith  a  surgeon  capable  of  performing  such  an  operation; 
provided,  again,  that  the  latter,  each  time,  will  find  at  his  disposal  the 
necessary  instruments  all  ready  and  sterile,  kept  as  is  in  each  clinic  a 
tracheotomy  set.  Patients  in  whom  experience  has  taught  embolism  is 
particularly  to  be  feared,  those  afflicted  with  varices,  swelling  of  the 
lower  extremities,  especially  consecutively  to  venous  thrombosis,  those 
in  whom  large  veins  have  been  denuded  or  ligated  during  operations, 
puerperal  women,  must  be  particularly  vigilantly  watched.  The  symp- 
toms of  embolism,  easy  to  inculcate  in  the  mind  of  attendants,  are  sudden 
dyspnoea,  fainting  sensation,  cyanosis,  collapse. 
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Disinfection  of  the  outer  skin  is  best  effected,  after  dry  shaving,  by 
repeated  swabbing  with  tincture  of  iodin,  to  spare  time.  After  incision 
of  the  skin,  gauze  compresses  are  clamped  all  around  the  edges,  so  as  to 
shut  off  these  as  much  as  possible  from  the  operative  field.  The  operator 
and  the  assistant  quickly  put  on  long,  sterile,  rubber  gloves. 

Skin  incision  on  the  left  sternal  edge  from  the  first  to  the  third  rib, 
horizontal  incision  along  the  second  left  rib.    Dissection  of  the  skin-and- 


FiG.  407.— i  natural  size. 

muscle  flap.  Resection  of  the  second  rib  to  a  point  beyond  the  junction 
of  the  cartilage  and  bone  (better  take  away  also  the  third  rib) ;  spare  care- 
fully the  internal  mammary  vessels.  Opening  of  the  pleura  and  pericar- 
dium, the  latter  through  the  pleura  in  front  of  the  phrenic  nerve  which 
must  be  protected  against  injury.  A  rigid,  not  flexible,  strong-knobbed 
hook  (Fig.  407)  is  carried  around  the  aorta  and  the  pulmonary  trunk. 
A  strong  rubber  tube  is  adjusted  on  the  knob  of  the  hook,  and  the  latter 
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Fig.  410. — i  natural  size. 


withdrawn ;  the  tube  follows,  so  that  we  can  now  draw  forward  both  big 
vessels.  The  visceral  layer  of  the  pericardium  and  the  fat  over  the  pul- 
monary artery  are  excised,  so  that  later  when  the  vessel  will  be  fastened 
ready  for  the  suture,  it  cannot  slip  back  in  its  serous  covering.    Incision 
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of  the  pulmonary  artery  along  its  axis :  i  inch  is  enough.  Into  the  branches 
of  the  pulmonary  artery  is  introduced  a  polyp  forceps  or  a  curved  dress- 
ing forceps  (Fig.  408)  and  the  clot  is  extracted.  During  this  manipula- 
tion the  aorta  and  the  pulmonary  artery  are  constricted  by  means  of  the 
tube,  but  not  for  longer  than  three-quarters  of  a  minute.  If  one  is  not 
yet  certain  that  all  emboli  have  been  removed,  the  slit  in  the  artery  is 
occluded  with  clamps,  the  blood-stream  allowed  to  flow  for  awhile,  and 
then  the  fishing  for  other  clots  is  resumed.  To  suture  the  vessel,  a  special 
thumb  forceps,  springing  outward  and  carrying  on  each  tip  a  small  hook 
projecting  outside  (Fig.  409),  is  placed  between  the  ends  of  the  slit;  by 
means  of  it,  the  vessel  is  slightly  drawn  forward  and  a  flat  hemostatic 
clamp  is  applied  behind  the  forceps  so  that  the  edges  of  the  incision  pro- 
ject a  little  between  the  branches  of  the  thumb  forceps.  The  blood-stream 
then  travels  beside  the  occluded  slit  and  the  latter  is  quickly  closed  by  a 
few  separate  silk  stitches.  Careful  mopping  of  the  blood  contained  within 
the  pericardium;  closure  of  the  pleura  and  pericardium,  suture  of  the 
external  soft  parts  without  drainage. 

Although  there  had  not  been  as  yet  a  permanent  success,  a  few  cases 
from  Trendelenburg's  and  RiedeVs  clinic  show  this  procedure  to  be 
rational,  and  patients  have  sometimes  survived  up  to  the  sixth  day 
(Krilger) . 

5.  Surgery  of  the  Pleura  and  Lungs 

Tapping  of  the  Pleura. — As  regards  simple  exploratory  puncture,  I 
refer  to  what  has  been  said  above  (p.  112)  about  the  situation  of  the 
intercostal  arteries. 

Tapping  of  the  pleura,  eventually  with  subsequent  aspiration,  is  indi- 
cated only  in  serous  effusions  and,  in  case  of  need,  in  tuberculous  empy- 
ema. Do  not  use  too  thin  trocars,  because  those  of  small  calibre  get  too 
easily  clogged  by  blood-clots.  Besides  Dieidafoy*s  and  Potain's  instru- 
ments, already  described  more  in  detail  about  tapping  of  the  pericardium, 
Kronig's  tapping  appliance  is  very  practical  (Fig.  411).  It  allows  an 
easy  and  accurate  measuring  of  pressure  in  each  case,  and  prevents  from 
the  moment  of  penetration  all  entrance  of  air  within  the  pleural  sac. 
This  apparatus  consists  essentially  of  three  parts:  I.  A  thick  and  strong 
hollow  needle  (Fig.  411,  middle),  provided  with  a  handle  and  two  pegs. 
II.  A  catheterlike  cylinder  (Fig.  411,  below)  filling  exactly  this  needle; 
the  blunt  end  of  the  cylinder  carries  a  long  oval  lateral  aperture.  The 
cylinder  is  provided  with  an  adjustment  for  a  tube  and  a  stopper;  it  car- 
ries distally  of  the  latter  a  short  hollow  cylinder  with  lateral  slits,  in 
which  the  pegs  of  I  fit  exactly,  and  a  metallic  ring  that  can  be  rotated 
around  a  transversal  axis,  and  which,  when  hinged  forward,  prevents 
slipping  back  of  the  needle  during  its  introduction.  III.  Finally,  a  man- 
drin  which  fills  II  air  tight.  Fig.  411,  middle,  shows  the  instrument  ready 
to  be  introduced,  the  small  sketch  below  shows  a  longitudinal  section  of 
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the  point  of  the  hollow  needle  with  the  still  hidden  internal  cylinder,  Fig. 
411,  above,  the  instrument  after  the  same  internal  cylinder  has  been 
pushed  forward  and  covers  the  sharp  point  of  the  hollow  needle;  it  then 
protects  the  lung  against  injuries  due  to  displacement  of  the  instrument 
(which  can  be  moved  freely  in  all  directions),  and  to  expansion  of  the 
lung  during  the  flowing  out  of  the  liquid.  Therein  lies  the  chief  merit 
of  this  instrument.  Before  using  it  we  remove  the  mandrin,  adapt  a 
rubber  tube  about  5  feet  long,  bring  the  instrument  to  the  point  of 
tapping,  fill  it  and  the  tube  with  salt  solution,  and  close  the  stopper. 
After  introduction,  the  metallic  piece  (Fig.  411,  above)  is  raised  laterally, 
the  inner  cylinder  is  pushed  forward,  and  the  stopper  opened. 

Tapping  is  generally  performed  in  the  posterior  axillary  line,  the  needle 
being  kept  close  to  the  bone.    The  patient  sits  on  the  edge  of  the  table, 


^ 


Fig.  411. 


a  helper,  whose  neck  the  patient  clasps,  supports  him  forward.  After 
careful  disinfection  of  the  corresponding  half  of  the  thorax,  the  left  fore- 
finger marks  by  firmly  pressing  on  it  the  border  of  the  rib  (eighth  inter- 
costal space),  the  skin  is  anesthetized  with  a  Schldch  lump  or  the  ethyl 
chlorid  spray.  If  the  skin  is  very  thick  and  tough,  a  small  incision  is 
made  with  a  bistoury,  and  the  needle  is  pushed  in  perpendicularly  to  the 
surface.  As  soon  as  the  point  is  in  the  pleural  cavity,  which  is  generally 
known  by  a  sudden  decrease  in  the  resistance,  and  by  the  fact  that  the 
trocar  can  be  easily  moved  in  all  directions,  the  point  is  withdrawn  and 
the  fluid  allowed  to  escape  slowly.  If  we  use  the  above-described  appara- 
tus, aspiration  of  air  is  not  to  be  feared;  if  not,  trocars  with  stoppers  are 
convenient  (Fig.  412).  When  the  point  is  withdrawn,  the  stopper  is  im- 
mediately closed  and  a  boiled  rubber  tube  adapted,  the  other  end  of  which 
dips  into  an  antiseptic  solution  (3%  carbolic  acid),  partly  filling  a  basin 
placed  on  the  floor.     If  we  use  an  ordinary  trocar  without  stopper  (Fig. 
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413k  we  tie  around  the  outer  end  of  the  sheath  a  rubber  condom,  the 
point  of  which  has  been  clipped  off,  so  that  the  handle  of  the  instrument 
lies  in  the  lumen  of  the  condonu  After  introduction,  and  withdrawing 
of  the  stylet,  the  flabby  hanging  rubber  film  applies  on  the  outer  orifice 
of  the  sheath  and  prevents  all  aspiration  of  air  during  forced  inspirations. 
While  the  pleural  effusion  is  emptying  outside,  watch  carefully  the 
general  appearance,  pulse,  and  breathing  of  the  patient  In  case  of  dis- 
turbances, fainting  spell,  deterioration  of  the  pulse,  dyspnoea,  the  patient 
must  be  forthwith  laid  flat  horizontally,  the  evacuation  of  liquid  discon- 
tinued, and  a  strong  stimulant  administered.  In  case  of  sharp  pain,  in- 
ject some  morphin  subcutaneously.  It  is  neither  possible  nor  useful  to 
empty  completely  the  effusion ;  removal  of  more  than  2  litres  is  dangerous 
on  account  of  too  rapid  changes  in  the  position  of  the  thoracic  organs,  and 
especially  of  the  filling  with  blood  of  the  collapsed  lung.    The  instrument 


Fig.  412.— i  nataral  size.  Fig.  413. — }  natural  size. 

is  withdrawn  with  a  quick  pull,  the  punctured  place  covered  with  iodo- 
form gauze  held  in  place  with  plaster  or  Schleich*s  peptonized  paste. 

Btdau^s  siphon  drainage  aims  at  completing  tapping  by  permanent 
drainage  of  the  exudate  from  the  pleural  cavity.  To  this  effect^  tapping 
is  performed  with  a  very  thick  trocar  provided  with  a  stopper,  and 
through  the  trocar  sheath  a  rubber  tube,  fillingexactly  its  lumen,  is  led  into 
the  chest  cavity.  Then  the  trocar  is  removed,  and  the  tube  closed  with  a 
clamp  is  prevented  from  slipping  out  by  a  silk  stitch,  or  by  a  safety-pin 
and  adhesive  plaster,  or  simply  by  means  of  adhesive  plaster.  A  glass 
adjustment  connects  the  tube  with  another  plunging  into  an  antiseptic 
solution.  The  fluid  contained  in  the  tube  exerts  a  distinct  sucking  action. 
This  process  is  suitable  only  for  seropurulent  empyema  in  children,  and 
bilateral  empyema.  In  all  other  cases  we  must  insure  free  and  perma- 
nent drainage  of  the  pus  through  the  following  operation. 

Resection  of  Rihs  and  Thoracotomy. 

I  shall  not  speak  of  the  opening  of  the  thorax  to  empty  a  collection 
of  pus  by  means  of  a  simple  intercostal  incision  as,  principally  through 
Roser's  and  Koenig^s  efforts,  this  operation  has  been  almost  completely 
given  up  by  surgeons,  as  falling  short  of  the  contemplated  aim.  We  per- 
form the  operation  in  the  manner  devised  and  tested  by  Koenig,  and  first 
remove,  in  the  posterior  axillary  line,  a  segment  of  the  sixth  rib,  at  least 
1|  inches  long.  General  anesthesia  is  not  necessary,  local  anesthesia  is  per- 
fectly sufficient  (see  page  382).  After  the  rib  has  been  removed,  the  pos- 
terior periosteum  is  exposed.  We  ascertain  once  more  by  exploratory 
puncture  the  presence  of  pus  and  the  depth  at  which  we  shall  find  it,  and. 
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with  a  pointed  knife,  incise  exactly  in  the  middle  the  posterior  perios- 
teum, the  endothoracic  fascia,  and  the  pleura.  The  pus  gushes  out  at 
once,  but  a  thick  gauze  sponge  is  pressed  on  the  opening  to  prevent  too  sud- 
den an  evacuation ;  the  pus  is  allowed  to  flow  out  slowly,  and  then  only  the 
pleural  incision  is  prolonged  to  both  ends  of  the  gap  in  the  rib.  Clots  are 
taken  away  with  a  dressing  forceps,  or  wiped  off  carefully  with  com- 
presses. Irrigations  are  but  very  seldom  given,  now  and  then  with  sterile 
salt  solution  only.  Irrigation  is  absolutely  prohibited  in  case  of  communi- 
cation between  a  large  bronchus  and  the  pleural  cavity,  as  then  some  of  the 
fluid  might  be  aspirated  and  flood  the  other  lung.  Blood-clots  retained 
within  the  cavity  soon  soften  spontaneously  in  most  cases,  and  are  thrown 
off  if  sufficient  drainage  has  been  provided.  By  giving  the  patient  appropri- 
ate positions,  we  try  to  empty  the  pus  as  completely  as  possible ;  we  place 
in  the  pleura  a  drain  about  2^  to3  inches  long,  at  least  as  thick  as  a  finger, 
and  we  stick  perpendicularly  through  it  two  safety-pins  to  prevent  its 
slipping  into  the  thorax.  Loose  iodoform  gauze  packing  of  the  wound, 
each  angle  of  which  is  narrowed  by  a  silk  stitch,  after  we  have  made  sure 
that  bleeding  has  altogether  ceased.  We  then  apply  a  large  dressing  cov- 
ering the  whole  trunk  down  to  the  iliac  spine,  and  including  the  shoulder  of 
the  diseased  side :  this  dressing  must  be  liberally  padded  with  hydrophile 
material,  and  be  as  air-tight  as  possible.  The  patient  lies  on  the  diseased 
side,  so  that  the  opening  in  the  thorax  is  at  the  most  dependent  point. 
But,  so  as  to  drain  also  well  the  part  of  the  pleural  cavity  situated  below 
the  opening,  we  must,  from  time  to  time,  several  times  a  day,  place  the 
patient  with  the  head  lower  than  the  pelvis;  this  is  best  attained  by  the 
patient  laying  himself  across  his  bed  and  letting  the  upper  part  of  the 
body  hang  down.  If  the  patients  are  weak,  they  must  refrain  from  this 
exercise  and  be  rolled  often  from  the  dorsal  to  the  abdominal  position. 
Robust  patients  sit  across  their  bed  and  sustain  themselves  on  the  floor 
by  the  arm  of  the  diseased  side.  In  case  of  putrid  empyema,  the  dressing 
must  be  changed  at  first  daily ;  when  there  is  less  discharge,  it  is  left  till 
it  is  soaked  through,  unless  fever  demands  an  earlier  change.  Putrid 
collections,  when  the  stench  does  not  abate,  must  occasionally  be  treated 
by  irrigations  with  3%  boric,  or  1%  salicylic  acid  solutions.  Efforts  at 
coughing,  forcibleexpirations,  as,  for  instance,  blowing  through  a  narrow 
tube,  a  child^s  trumpet,  favor  ampliation  of  the  collapsed  lung.  But  dur- 
ing those  exercises,  the  dressing,  moistened  by  secretions  from  the  wound, 
must  act  like  a  valve  closing  the  pleural  cavity,  preventing  entrance  of 
air,  and  thus  contributing  to  the  expansion  of  the  lung.  This  is  also  the 
reason  why  dressings  are  left  in  place  as  long  as  possible.  Payr  puts 
only  a  very  thick,  stiff,  and  short  drain  which  does  not  extend  beyond  the 
level  of  the  parietal  pleura,  so  as  not  to  press  unnecessarily  the  expanding 
lung  away  from  the  thorax  wall.  As  soon  as  fever  subsides  and  the 
strength  of  the  patient  allows  it,  he  may  get  out  of  bed  and  live  in  the 
open  air.  When  the  discharge  dries  up,  or  when  only  a  little  bloody  and 
serous  fluid  oozes  out,  and  the  condition  of  the  patient  in  other  respects 


406 


OPERATIONS  ON  THE  CHEST 


is  such  that  pus  retention  may  be  excluded  (normal  pulse  and  tempera- 
ture, improving  nutrition),  the  drain  is  removed  and  the  wound  closed 
by  adhesive  plaster  strii>s. 

A  procedure  to  evacuate  still  better  the  pus  and  bring  about  quicker 
expansion  of  the  lung  originated  with  Perthes  (see  Figs.  414  and  415). 
The  wound  is  covered  in  the  manner  represented  in  Figs.  414  and  415 
with  a  Thiersch  rubber  plate  in  which  a  long  drain^e-tube  fits  hermetic- 
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ally;  this  drain  is  connected  through  a  thick-walled  rubber  tube  with 
the  collecting  recipient  (6)  partly  filled  with  any  kind  of  an  antiseptic 
solution.  This  recipient  is  itself  connected  with  a  Bunsen  hydraulic  air- 
pump  (a)  and  a  manometre(c).  The  pump  is  adapted  on  the  water  pipes 
and  rarefies  the  air  in  the  container  to  any  degree  desired  (Perthes  went 
as  high  as  130  mm.  mercury).  Lacking  an  air-pump,  we  may  use  Bun- 
sen's  bottle  aspirator  (Fig.  415),  the  working  of  which  is  easily  under- 
stood from  the  illustration.  Perthes'  apparatus  has  still  been  improved  by 
Seidel.  As  the  apparatus  requires  rest  in  bed,  Schmieden  considerably 
simplified  it  to  make  it  portable,  by  connecting  the  drain  inserted  in  the 
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thoracic  opening  with  a  small  bottle  carried  in  the  dressing  and  in  which 
a  pneumatic  pump  rarefies  the  air.  The  bottle  is  emptied  as  often  as 
needed  (once  or  twice  daily). 

Nordmann's  apparatus  is  very  practical  for  the  aspiration  of  pus, 
saves  dressing  material,  effects  in  the  pleura  a  partial  vacuum  of  any  de- 
sired degree  is  easy  to  measure,  and  allows  a  permanent  inspection  of  the 
wound.  It  consists  of  a  rubber  plate  about  t  inch  thick  with  a  round  or 
oval  window  of  the  same  size  as  the  operation  wound.  Over  the  window 
is  a  low  collar-shaped  cylinder  about  i  inch  larger  in  diameter  than  the 
window  itself,  and  holding  in  place  a  suction  cup  which  does  not  exert 


any  unpleasant  pressure  on  the  skin.  The  suction  cup  is  provided  above 
with  two  tubular  adjustments,  one  of  which  is  connected  with  a  mano- 
metre,  the  other  with  the  aspirating  syringe.  Below  it  carries  an  outlet 
tube  for  the  pus,  on  which  a  clamp  is  placed. 

The  apparatus  is  applied  as  follows:  After  evacuation  of  the  pleura, 
the  drain,  armed  with  a  safety-pin,  is  fastened  on  the  cleaned  skin  by 
means  of  two  narrow  strips  of  adhesive  plaster.  The  wound  in  the  soft 
parts  is  loosely  packed  with  iodoform  gauze,  and  two  more  strips  of  ad- 
hesive plaster  are  placed  vertically  over  this.  Then  the  under  surface  of 
the  rubber  plate,  in  the  rubber  cylinder  of  which  the  suction  cup  is  firmly 
maintained,  is  smeared  with  anhydrous  woolfat  and  adjusted  over  the 
pleural  orifice.  While  an  assistant  presses  slightly  the  apparatus  against 
the  chest,  several  layers  of  collodion  are  applied  all  around  the  thin  edge 
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of  the  rubber  plate,  and  between  them  fine  flakes  of  cotton  are  inlaid. 
These  collodion  and  cotton  strips  must  cover  i  inch  of  the  plate  and  as  much 
of  the  skin.  After  a  few  minutes  the  collodion  is  dry.  Then  the  rubber 
plate  is  firmly  fastened  around  the  thorax  with  a  gauze  bandage,  the  out- 
flow tube  is  closed  by  means  of  a  cut-off  screw,  one  of  the  tubes  is  connected 
with  the  manometre,  the  other  with  the  air-pimip.  The  air  is  then  rare- 
fied till  the  manometre  reads  -10  to  -20  mm.  Hg;  the  tube  leading  to 
the  pump  is  closed  by  pressure  and  the  pump  removed.  The  fluctuations 
of  the  air-pressure  are  read  on  the  manometre,  and  eventually  a  little 
more  pumping  is  necessary.  If  the  glass  is  half  filled,  part  of  the  pus  is 
allowed  to  flow  out,  or,  better,  is  aspirated  through  the  lower  tube  by 
means  of  a  syringe,  after  loosening  the  cut-off  screw.  Then  the  negative 
pressure  is  maintained  within  the  suction  cup.  Naturally,  we  must  care- 
fully examine  if  there  are  any  leaks  through  the  collodion  layers  or  the 
tubular  adjustments.  The  patient  can  get  out  of  bed  soon  after  the  oper- 
ation. According  to  the  needs  of  the  case,  the  apparatus  is  removed  every 
day,  later  only  every  other  day,  for  cleaning  purposes  and  to  allow  direct 
care  of  the  wound. 

Perthes'  apparatus  is  also  suitable  for  the  treatment  of  cases  of  em- 
pyema of  long  standing;  that  is,  those  which  will  not,  and  cannot, 
close  without  the  help  of  the  operations  we  are  going  to  describe  later, 
because  shrinking  of  the  thorax  by  displacement  of  the  ribs  on  one  another 
is  limited  by  their  coming  into  contact  with  each  other,  and  the  lung  is 
frequently  prevented  by  the  pleural  pseudomembrane  from  expanding 
and  filling  the  suppurating  space  existing  between  the  shrunken  thorax 
and  itself.  Consequently,  we  either  have  to  make  the  chest- wall  so  mov- 
able that  it  can  apply  on  the  lung,  or  rid  the  latter  of  the  coat  of  pseudo- 
membranes  in  which  it  is  imprisoned. 

The  first  purpose  is  accomplished  hyEstlander's  and  Sc^cte's  resection 
of  the  thorax  (named  also  thoracoplasty),  the  second  by  Delorme*8  so- 
called  lung  decortication.  Before  all,  the  size  of  the  persisting  empyema 
cavity  must  be  determined  by  X-ray  examinations  (after  injection  of  bis- 
muth paste,  or  iodoform  and  glycerin,  or  introduction  of  rubber  tubes  filled 
with  mercury,  or  of  a  lead  wire,  or  by  probing  with  a  long  flexible  tin  sound 
provided  with  a  flat  and  solid  handle.  It  seems  to  me  that  this  last  and 
very  simple  procedure,  which  I  have  seen  G.  -R.  Koenig  use  successfully  in 
innumerable  cases,  is  the  simplest  and  easiest,  when  we  are  not  dealing 
with  multilocular  cavities— and  these  are  a  very  small  minority.  With 
such  a  flexible  sound,  we  palpate  exactly  the  cavity  in  all  its  parts  through 
the  fistula,  and  we  mark  on  the  thorax  with  a  dermographic  pencil  the 
limits  of  the  cavity  according  to  the  length  of  sound  that  went  in. 

If  there  is  only  a  small  cavity  limited  to  the  immediate  vicinity  of  the 
sinus,  and  especially  in  young  subjects,  we  can,  as  already  advocated  by 
Rose,  secure  a  better  retraction  of  the  ribs  and  shrinking  of  the  thorax  by 
resecting  subperiosteally  one  or  several  ribs  in  the  vicinity  of  the  cavity. 
The  free  ends  of  the  bone,  together  with  the  mobilized  parietal  pleura, 
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fall  inward  and  adhesions  may  develop  between  the  parietal  and  visceral 
layers  of  the  pleura.  According  to  the  number  of  ribs  to  be  removed,  we 
must  make  a  longitudinal  or  a  flap  incision,  dividing  and  detaching  from 
the  thorax  the  skin,  fat,  fascia,  and  muscles.  Estlander  used  to  remove, 
systematically,  the  ribs  over  the  whole  surface  of  the  cavity,  and  even 
more,  but  he  left  in  place  the  thickened  costal  pleura.  But  as  the  latter 
is  so  tough,  callous,  and  unyielding  that  it  does  not  give  in  at  all,  Schede 
laid  down  the  rule  to  remove,  besides  the  skeleton  of  the  thorax,  all  soft 
parts  of  the  intercostal  spaces  and  the  costal  pleura  over  the  whole  extent 
of  the  cavity  and  to  apply  directly  the  outer  soft  parts  (skin,  fat,  fascia, 
muscles)  on  the  lung. 

In  a  case  of  total  empyema  of  long  standing,  Schede* a  operation 
(named  by  him  thoracoplasty ;  resection  of  the  thorax  is  a  better  name) 
would  be  carried  out  as  follows :  Incision  beginning  forward  on  the  lower 
border  of  the  pectoral  muscle  on  the  fourth  rib,  descending  to  the  tenth 
rib,  then  carried  backward  along  the  latter  and  ascending  high  along  the 
vertebral  border  of  the  scapula,  which  must  be  lifted  strongly  upward: 
this  incision  detaches  from  the  thorax  the  skin,  the  shoulder-blado,  and  the 
muscles.  During  this  step  the  arm  of  the  patient  must  be  in  extreme 
elevation.  After  complete  hemostasis  all  ribs,  up  to  the  second  inclusive, 
are  resected  subperiosteally  so  as  to  spare  blood.  Each  is  divided  in  its 
middle,  broken  through  its  anterior  segment,  and  the  posterior  segment  is 
extracted  by  twisting.  Through  a  longitudinal  intercostal  incision  pass- 
ing through  the  fistula,  so  as  not  to  wound  the  intercostal  artery,  and  best 
made  under  control  of  the  finger,  we  enter  the  empyema  cavity ;  then  we 
incise  the  frequently  enormous  pseudomembrane,  fold  it  over  forward, 
clamp  the  spurting  vessels  or  carry  a  ligature  around  them  with  a  needle, 
and  thus,  little  by  little,  remove  the  whole  lateral  wall  of  the  cavity,  so  that 
the  lung  and  often  the  pericardium  also  are  exposed.  Then  the  external 
soft  parts  apply  exactly  over  the  lung  and  are  still  pressed  against  it  by 
means  of  a  slightly  compressive  dressing.  There  is  little  use  in  suturing 
much:  furthermore,  beware  against  using  large  quantities  of  iodoform 
gauze  on  account  of  the  extensive  surface  of  absorption.  The  lower  part 
of  the  incision  is  left  to  heal  by  granulation.  This  formidable  operation 
may  be  also  executed  in  two  sittings.  In  case  of  smaller  cavities,  it  be- 
comes correspondingly  simpler.  Helferich  has  simplified  this  big  proced- 
ure by  making  an  H  incision  after  detaching  the  flap  of  soft  parts,  thus 
forming  an  anterior  and  a  posterior  flap;  then  cutting  at  the  same  time 
the  ribs  and  pseudomembranes  with  a  cutting  bone  forceps  and  folding  the 
flap  over  forward  and  backward.  Sudeck  advises  first  to  perform  Schede' s 
operation  on  the  lower  half  of  the  empyema  cavity  and  to  keep  the  upper 
half  for  a  second  sitting.  Bayer  contends  that  there  is  on  the  thorax  an 
anatomically  well-defined  line  along  which  we  can  cut  without  wounding 
large  bloodvessels  or  nerves,  and  nevertheless  open  a  free  access  to  the  ribs. 
An  incision  following  this  line  would  begin  about  two  fingers'  breadth  be- 
hind the  anterior  axillary  line  on  the  edge  of  the  pectoralis  major  muscle. 
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the  arm  being  strongly  elevated,  and  cross  the  ribs  downward  from  the 
third  to  the  tenth  along  the  edge  of  the  digitations  of  the  serratus  anticus 
major  muscle:  it  severs  no  bloodvessels  and  divides  only  a  few  serrations 
of  the  external  oblique  of  the  abdomen.  Along  this  incision  all  ribs,  from 
the  tenth  or  ninth  on  which  we  begin  up  to  the  third,  are  resected  sub- 
periosteally  for  a  length  of  about  |  inch  by  means  of  a  Lv£r  rongeur,  over 
an  elevator  slipped  underneath.  In  the  resulting  ribless  gap,  the  whole 
chest- wall,  consisting  of  the  soft  parts  plus  the  pleural  pseudomembranes, 
is  split  with  the  red  hpt  thermocautery,  so  as  to  avoid  all  bleeding  from 
the  intercostal  arteries.  After  the  contents  of  the  cavity  have  escaped^ 
the  edges  of  the  incision  are  drawn  apart  and  the  extent  of  the  cavity  as- 
certained. If  it  is  also  necessary  to  remove  the  second  rib,  we  simply 
have  to  draw  forward  strongly  the  insertions  of  the  pectoral  muscle,  the 
arm  being  raised,  and  to  lengthen  the  cutaneous  incision  a  little  upward. 
Beginning  on  the  lowest  rib  (and  to  be  able  to  resect  the  latter  liberally 
from  the  start,  a  transversal  incision,  the  middle  of  which  corresponds 
to  the  vertical  incision,  is  made  parallel  with  said  rib),  all  ribs  are  freed; 
first  the  external  periosteum  is  incised,  the  rib  lifted  from  its  bed, 
and  the  periosteum  peeled  off  continuously  with  a  strong  and  sharp-edged 
raspatory.  During  this  stage  of  the  operation  the  external  soft  parts 
must  be  strongly  retracted  laterally  with  sharp  hooks.  In  front,  the  ribs 
are  fractured  at  their  union  with  the  cartilage;  behind,  they  are  extracted 
by  torsion.  Now  the  wall  of  soft  parts  split  along  its  whole  height  is  free. 
If  it  is  yielding,  it  sinks  inward  all  by  itself;  if  stiff,  Bayer  recommends 
to  scrape  strongly  the  costal  pleura  and  to  make  it  less  resistant  by  trans- 
verse incisions;  'ind,  in  case  of  tuberculous  empyema,  to  excise  it  alto- 
gether. Drainage  through  the  posterior  and  inferior  angle  of  the  inci- 
sion drawn  along  the  ninth  or  tenth  rib.     Large  air-tight  dressing. 

Delorme^s  decortication  of  the  lung  aims  at  freeing  the  lung  from 
the  constricting  pseudomembrane  and  thus  making  it  again  susceptible  of 
expansion.  To  this  effect,  once  the  lung  is  exposed  through  a  large  trap- 
door flap,  he  splits  carefully  the  pseudomembrane  covering  it  till  he 
reaches  its  surface,  which  is  recognized  by  its  bluish  color,  and  strips 
the  shell  from  the  lung  by  means  of  a  grooved  director  or  a  similarly  act- 
ing instrument  (Kocher's  goitre  spatula,  for  instance)  as  far  as  he  can 
go.  Decortication  in  conjunction  with  Estlander-Schede^ sopersition  gives 
the  most  certain  results,  because  the  again  expansible  lung  blows  itself 
against  the  mobilized  external  soft  parts  of  the  thorax;  but  the  interven- 
tion becomes  much  more  important. 

Finally,  Goldmann,  after  partial  resection  of  the  thorax  and  extensive 
decortication  of  the  lung,  drew  the  latter  forward,  stitched  it  with  catgut 
to  the  edges  of  the  cavity,  covered  it  with  a  pediculated  skin  flap,  and  at 
last  obtained  in  his  case  a  cure  after  all  above-mentioned  operations  had 
failed  one  after  the  other. 

In  all  operation*  on  organs  within  the  chest  the  danger  of  pneumo- 
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thorax  exists  if  inflammatory  adhesions  between  the  visceral  and  parietal 
layers  of  the  pleura  have  not  caused  partial  or  total  obliteration  of  the 
pleural  space.  Unilateral  pneumothorax,  when  the  subject  is  not  too 
weakened,  when  the  other  not  collapsed  lung  breathes  well,  when,  in  one 
word,  it  is  healthy  and  there  is  no  tension  pneumothorax,*  does  not 
threaten  directly  life,  especially  when  it  develops  progressively.  Right- 
sided  pneumothorax  is  more  dangerous  than  left,  bilateral  pneumothorax 
with  large  external  orifices  must  of  necessity  cause  death.  Besides, 
there  is  still  the  danger,  when  opening  the  free  pleural  space,  of  contami- 
nating the  latter,  which  is  hypersensitive  to  infection.  I  already  said  be- 
fore that  quick  packing,  even  when  both  pleurae  are  opened,  may  avert 
the  development  of  bilateral  total  pneumothorax  with  collapse  of  both 
lungs.  But  this  is  only  an  emergency  makeshift  in  case  of  unintentional 
wounds.  If  we  want  to  operate  by  the  transpleural  route,  it  becomes  our 
task  either  to  completely  prevent  beforehand  the  development  of  pneu- 
mothorax, or  to  reduce  its  dangers  to  a  minimum.  The  development  of 
pneumothorax  may  be  prevented  by : 

1.  Production  of  adhesions  between  both  pleural  layers. 

2.  Differential  pressure. 

1.  Production  of  Adhesions  Between  Both  Pleural  Layers. — This 
is  particularly  important  when  the  indication  for  operating  is  furnished 
by  an  intrapulmonary  infectious  focus.  Formerly,  it  has  been  attempted 
to  produce  adhesions  by  placing  on  the  pleura,  after  resection  of  one  or 
several  ribs,  gauze  compresses  moistened  with  zinc  chlorid  solutions. 
Nowadays  (see  below,  Tr^inspleural  opening  of  the  subphrenic  space,  after 
Kocher)  we  make  all  around  a  continuous  or  interrupted  suture  passing 
through  the  parietal  and  visceral  pleurae  and  the  superficial  layers  of  the 
lung  (so-called  mattress  suture).  Korte  dips  the  threads  in  juniper  oil, 
Karewski  in  turpentine,  so  as  to  cause  a  strong  inflammatory  adhesive 
reaction.  The  lung  procedure  proper  is  performed  a  few  days  later  only 
(two-step  operation). 

2.  Differential  Pressure. — The  latter  prevents  collapse  of  the  lung 
by  establishing  within  the  latter  a  higher  pressure  than  prevails  outside. 
It  is  Scmerbmch's  incontestable  and  incontested  merit  to  have  shown  us  a 
practicable  way  by  the  construction  of  his  pneumatic  chamber.  The  prin- 
ciple of  this  chamber,  a  more  exact  description  of  which  I  shall  not  give 
for  reasons  stated  more  in  detail  below,  is  the  following:  A  glass  and 
iron  chamber,  which  can  be  closed  hermetically,  is  provided  on  one  end 

^  By  tension  pneumothorax  we  understand  those  in  which,  under  the  action  of  cousrh- 
insr  efforts,  more  and  more  air  is  forced  into  the  pleural  cavity,  so  that  within  said 
cavity  there  exists  a  progressive  and  permanent  positive  pressure.  This  variety  is 
recognized  by  the  marked  displacement  of  the  mediastinum  toward  the  healthy  side 
and  a  progressive  sensation  of  oppression  (suffocating  pneumothorax).  Tension  pneumo- 
thorax happens  only  in  cases  of  wounds  of  the  lung  with  otherwise  perfectly  closed 
pleura. 
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with  an  opening  surrounded  by  a  cuff  of  rubber.  Within  the  room  are 
the  surgeon,  his  assistant,  and  the  trunk  of  the  patient  up  to  the  neck, 
around  which  the  rubber  cuff  applies  without  pressure.  The  head  of  the 
patient  remains  outside  of  the  chamber.  The  air  of  the  latter  is  sucked 
by  means  of  an  electrically  driven  air-pump  until  there  exists  a  negative 
pressure  of  about  — 10  mm.  of  mercury.  When  the  negative  pressure  goes 
beyond  that  point,  air  streams  in  automatically  through  a  tube  connected 
with  a  water-pressure  valve  until  a  — 10  mm.  negative  pressure  is  re-es- 
tablished. A  smaller  difference  in  pressure  is  already  enough  to  apply  the 
rubber  cuff  around  the  neck  sufficiently  to  make  it  everywhere  air-tight 
without  exerting  an  injurious  pressure.  The  water-pressure  valve  enables 
us  to  decrease  or  increase  in  a  simple  way  the  difference  in  pressure.  At 
the  moment  when  the  pleura  is  going  to  be  opened,  the  negative  pressure 
is  started;  according^ to  Saicerbruchy  it  ought  to  oscillate  around  10  nmi. 
mercury.*  Within  the  lung  prevails  then  the  external  atmospheric  pres- 
sure, as  the  mouth  and  nose  are  outside  the  chamber.  The  latter  forms  in 
a  certain  sense  an  extension  of  the  pleural  cavity,  the  lung  is  kept  inflated 
by  the  atmospheric  pressure:  but,  by  lowering  the  degree  of  negative 
pressure,  there  is  a  possibility  of  letting  the  lung  collapse  progressively. 
There  was  but  one  step  between  this  and  another  simpler  way  of  utiliz- 
ing Sauerbruch' s  principle,  namely,  to  obtain  the  normal  difference  be- 
tween the  pleural  fand  intrapulmonary  pressure  by  raising  the  latter. 
This  was  effected  by  Brauer  by  means  of  a  pneumatic  chamber  which  is 
the  reverse  of  Sauerbruch's;  it  contains  the  patient's  head  and  the  anes- 
thetist's arms,  and  a  positive  pressure  of  about  10  mm.  mercury  is  there- 
in maintained  by  an  air-pressure  pump.  Such  an  apparatus  is  of  course 
much  less  bulky  than  SauerhrucWs  room  of  14  cubic  metres  capacity.  In 
principle,  both  attain  the  same  aim.  But  Sauerbruch  declared  Brauer^s 
positive  pressure  method  unphysiological.  Here  positive  pressure  tri- 
umphed, here  negative;  numerous  accurate  physiological  studies  resulted 
which  have  notably  perfected  our  knowledge  of  the  mechanism  of  respira- 
tion. Now,  we  seem  to  have  fairly  generally  settled  the  contest  by  ad- 
mitting that  both  the  negative  and  positive  pressure  methods  have  some- 
thing unphysiological,  but  are  equal  in  practical  use.  Once  this  was 
recognized,  it  became  possible  to  surgeons  to  emancipate  themselves  from 

*  Friedrich  recently  laid  agrain  stress  on  the  fact  that  we  can  operate  on  the  lungr 
with  perfect  control  over  the  pneumothorax  within  rather  considerable  negrative  pres- 
sure variations :  he  recognizes  a  relative  and  an  absolute  pneumothorax  zone.  The  abso- 
lute pneumothorax  level,  that  is,  that  pressure  zone  in  which  disturbances  of  breathing 
and  heart  action  due  to  pneumothorax  occur,  lies  between  0  and  —  3  mm.  mercury ;  the 
relative  pneumothorax  zone,  that  is,  the  zone  in  which  we  can  operate  without  severe 
pneumothorax  symptoms,  between  —  3  and  —  5  mm.  mercury ;  while  a  differential 
negative  pressure  of  —  5  to  —  7  mm.  represents  an  optimum  of  pressure  through  which 
all  symptoms  of  pneumothorax  are  avoided.  Beyond  that  optimum  begins  overinflation 
of  the  lung  which  blows  the  latter  outward  against  the  thoracic  wound  and  displaces 
the  mediastinum  toward  the  sound  side  ;  this  overinflation  is  not  prejudicial  if  kept  only 
for  a  short  time,  but  must  be  avoided  if  the  operation  is  going  to  last  long. 
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the  cumbersome  and  expensive  Sauerbruch  and  Brauer  apparatus  and  to 
build  simple  appliances  for  differential  pressure,  inexpensive  and  easily 
transportable,  all  based  on  the  positive  pressure  principle.  The  first  to 
mention  is  the  Hetde-Tiegel  apparatus  {CentrtUb.  f.  Chir.,  1908,  p.  676 
[Fig.  416]).  Air-tight  closure  of  the  respiratory  channels  (nose  and 
mouth)  is  obtained  through  a  metal  mask  with  rubber-covered  edges, 
which  is  firmly  pressed  against  the  face  and  fastened  by  a  strap  which 
can  be  loosened  quickly.  The  positive  pressure  is  given  by  an  oxygen 
cylinder  or  an  air-pump;  the  pressure  is  easily  regulated  by  a  valve.  A 
rubber  bag  connected  with  the  mask  serves  as  air-tank  and  to  receive  the 
ether  for  anesthesia.  The  apparatus  constructed  by  George  Haertel,  and 
on  the  advantages  and  disadvantages  of  which  I  cannot  dwell  any  longer. 


Fig.  416. 


has  also  well  stood  the  test  of  protracted  use  during  a  number  of  major 
endothoracic  operations.  Practical  experience  speaks  for  it,  while  theo- 
retically much  in  it  might  be,  and  has  been,  objected  to. 

Mayer-Davis  {Annaks  de  la  Soc.  beige  de  Chir.,  1908,  Nos.  1  and  2)  in- 
terposes in  the  stream  of  expired  air  a  resistance  susceptible  of  being  reg- 
ulated, and  closes  the  mouth  hermetically  with  two  metal  plates  between 
which  the  lips  are  fastened.  The  nose  is  closed  by  means  of  a  clip. 
Actual  practice  speaks  also  in  favor  of  this  instrument;  its  small  volume 
enabled  Mayer  to  perJ^orm  with  it  endothoracic  operations  in  the  patient's 
home. 

Kuhn's  intubation  is  certainly  the  best  air-tight  closure.  If  we  intro- 
duce Kukn's  tube,  pack  the  pharynx  and  adjust  the  tube  on  a  pressure 
appliance,  we  can  obtain  the  necessary  positive  pressure.  Kuhn  had  al- 
ready laid  stress  on  this  point  in  1906  (Centralb.  f.  Chir.,  No.  41).  Quite 
recently,  Kuhn  indicated  a  new  method  which  succeeds  independently  of 
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air-tight  closure.    But  as  Kuhn^s  instruments  are  still  being  continuously 
improved,  this  short  mention  will  suffice. 

Lotsch  also  constructed  a  not  too  cumbersome  nor  costly  apparatus  for 
operations  under  positive  pressure.  This  apparatus  takes  especially  into 
consideration  a  satisfactory  narcosis  and  the  possibility  of  stopping  the 
latter  suddenly.    It  still  needs  the  consecration  of  practical  tests. 

Brat  and  Schmieden  (see  Munch,  med,  Wochenschr. ,  1908,  No.  47,  p. 
2421)  have  built  an  apparatus  provided  with  a  number  of  very  ingenious 
devices,  which  takes  the  place  of  Sauerhruch's  chamber,  and  is  suitable  for 
general  anesthesia  and  resuscitation  (artificial  respiration)  purposes.  The 
authors  realize  air-tight  closure  of  the  respiratory  channels  by  Kuhn's 
intubation,  or,  when  the  latter  is  contraindicated  (catarrh  of  mucous 
membranes,  bleeding),  with  a  mask  similar  to  that  of  TiegeL 

A  number  of  operations  have  been  performed  with  the  majority  of 
those  devices,  but,  nevertheless,  the  total  sum  is  still  relatively  small. 
The  triumphs  of  modern  lung  surgery  were  achieved  without  differential 
pressure.  Whether  those  successes  will  be  still  more  numerous  and  re- 
markable with  the  latter  method  is  not  yet  proven,  but  let  us  hope  that 
such  will  be  the  case.  Consequently,  a  comprehensive  description  of 
those  methods  without  differential  pressure  enabling  the  surgeon  to  mini- 
mize the  dangers  of  operative  pneumothorax  is  always  necessary,  despite 
the  advent  of  differential  pressure.  First  of  all,  we  must  take  care  that 
the  pneumothorax  should  not  develop  too  suddenly.  Therefore,  if  the 
pleura  has  been  opened  and  air  is  heard  hissmg  in,  apply  at  onceover  the 
hole  a  gauze  compress  preferably  moistened  with  sterile  salt  solution. 
Then  grasp  quickly  the  collapsing  lung  and  draw  it  against  the  chest-wall 
(MiUler) .    Thereby  we  exert  a  certain  traction  on  the  hilum  of  the  lung 

and  through  it  on  the  mediastinum  and 
hinder  the  probable  flattening  of  the  latter 
and  its  displacement  toward  the  healthy 
side.  Next,  we  can  maintain  the  lung  in 
place  by  a  few  stitches  passed  through  the 
Fig.  417.— i  natural  size.  pleura  or  by  means  of  4  or  5  Payer  lung 

clamps  (see  Fig.  417) ;  these  are  modelled 
after  Mikulicz^  peritoneal  clamps,  to  be  described  later,  but  carry  much 
finer  teeth.  If  we  let  the  clamps  hang  out,  their  weight  is  enough  to  draw 
the  lung  sufficiently.  This  drawing  by  means  of  clamps  is  preferable  to 
suture,  because  it  leaves  us  at  liberty  to  change  the  place  for  another  of 
the  lung  cortex  better  suited  for  the  contemplated  intervention.  The 
farther  steps  vary  accordingly  to  the  nature  of  the  lung  lesion  (see  below)! 

WoundM  of  the  Pleura  and  Lungs. 

While,  until  recently,  an  extremely  conservative  stand  was  taken  in 
wounds  of  the  pleura  and  lungs,  especially  in  those  caused  by  modem  pro- 
jectiles of  small  calibre,  of  late,  particularly  since  differential  pressure 
methods  have  become  practical,  some  surgeons  seem  to  lean  toward  more 
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aggressive  procedures.  For  the  time  being,  we  adhere  to  the  older  view 
and  advocate  surgical  interference  in  pleural  and  pulmonary  wounds  only  in 
widely  gaping  and  long  wounds,  in  tension  pneumothorax  (valve),  when 
dyspnoeic  symptoms  and  crowding  of  the  normal  lung  increase,  and  air  col- 
lects again  quickly  after  tapping  of  the  pleura  and  aspiration.  In  case 
of  double  pneumothorax,  we  must  first  resort  to  aspiration:  in  abundant 
hemorrhages  when  after  twenty-four  hours  the  hemothorax  still  augments 
(Friedrich)  and  causes  symptoms  of  compression  of  the  heart  and  the 
normal  lung;  in  infected  hemo-  or  hemopneumothorax ;  in  permanently 
increasing  subcutaneous  emphysema  due  to  a  tension  pneumothorax,  even 
when  the  latter  causes  itself  little  trouble;  finally,  when  large  foreign 
bodies,  for  instance  in  case  of  imi)alement,  have  been  driven  into  the 
lung.  We  shall  also  repeat  here  once  more  that  hemorrhage  from  the  in- 
ternal mammary  or  intercostal  arteries  furnish  an  indication  as  soon  as 
the  diagnosis  is  reasonably  certain,  on  account  of  the  high  blood-pressure 
prevailing  in  those  vessels  and  of  thoracic  aspiration  which  keeps  up  the 
bleeding  for  a  long  time.  But  it  is  hardly  worth  mentioning  that  we 
leave  alone  small  perforating  stab  or  gunshot  wounds,  and  simply  apply 
a  small  protective  dressing,  eventually  after  swabbing  the  surrounding 
skin  with  tincture  of  iodin.  In  such  cases,  operation  is  justified  only 
when  one  of  the  above-mentioned  phenomena  appears.  Finally,  it  cannot 
be  denied  that  early  removal  of  the  blood  from  the  pleura,  where  it  partly 
undergoes  resorption,  but  partly  also  organizes  and  may  thus  lead  to  the 
formation  of  pleural  pseudomembranes,  shortens  the  healing  process  and 
thus  influences  it  favorably,  just  as  in  hemarthrosis  in  which  we  generally 
remove  the  blood  early.  But  a  prerequisite  of  all  such  operations  is  that 
improvements  in  the  technique  should  have  reduced  the  danger  of  inter- 
ference to  a  minimum.  In  most  cases,  it  will  not  be  possible  to  remove 
blood  extravasations  from  the  pleura  by  tapping  even  with  large  trocars, 
as  blood-clots,  which  exist  in  all  cases,  will  soon  plug  the  lumen  of  the  in- 
strument, and,  as  when  the  intrapleural  tension  is  lowered,  bleeding  may 
easily  start  afresh.  The  only  correct  operation  for  removal  of  blood  is 
here  also  thoracotomy.  Through  the  external  wound  it  will  be  easy 
to  locate  the  source  of  the  hemorrhage  and  to  check  the  latter,  as  said 
below. 


Anesthesia  During  Operations  on  the  Lung. 

Authors  are  not  yet  unanimous  on  the  question  of  anesthesia  in  the 
operative  treatment  of  wounds  of  the  lung:  but  until  recently  most  opera- 
tors agreed  that  a  light  chloroform  anesthesia  could  do  no  harm  and 
was  indispensable.  The  manner  in  which  we  must  proceed  when 
using  local  anesthesia  has  been  described  more  at  length  above  about  re- 
section of  the  ribs:  naturally,  when  we  have  to  cut  large  plastic  flaps,  the 
anesthetic  fluid  must  be  correspondingly  weaker  (three  tablets  A  of 
suprarenin  novocain  (see  page  17)  in  75  or  150  c.c.  of  saline  solution,  so 
as  to  obtain  a  0.5  or  0.25%  solution).    The  scopolamin-morphin  sleep,  re- 
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inforced  in  case  of  need  by  a  very  light  chloroform  anesthesia,  is  certainly 
well  suitable  for  the  purpose. 

Susceptibility  of  the  Lung  and  Bronchi. 

Once  the  chest  cavity  is  opened,  the  anesthesia  for  work  on  the  lung 
itself  need  only  be  very  superficial,  as  the  pulmonary  and  diaphragmatic 
pleura  and  the  parenchyma  of  the  lung,  the  peripheral  parts  of  the  bronchi 
inclusive,  are  practically  devoid  of  sensibility;  while  crushing,  compres- 
sion, and  division  of  the  proximal  segments  of  the  bronchi  call  forth, 
according  to  Friedrich,  serious  reflex  disturbances  due  to  the  vagus  nerve. 
Lenhartz  draws  our  attention  to  the  condition  of  shock  (syncope)  threaten- 
ing life,  which  may  be  caused  by  work  with  the  Paquelin  in  the  vicinity 
of  the  lung  hilum,  a  condition  which  has  ended  sometimes  in  death  despite 
artificial  respiration  and  other  means  employed.  Lenhartz  ventures  no 
explanation  of  the  fact. 

In  perforating  wounds  of  the  pleura  and  lung  the  external  wound 
shows  us  where  to  begin.  If  dealing  with  a  subcutaneous  rupture  of  the 
lung,  GarrS  recommends  to  open  the  lateral  and  back  part  of  the  thorax, 
so  as  to  be  able  to  draw  out  well  the  lung  from  the  costo- vertebral  angle 
and  to  inspect  it  thoroughly.  Whether  we  choose  an  intercostal  incision, 
as  does  Mikulicz;  or  we  resect  one  or  several  ribs,  as  Garre;  or  make,  after 
Delorme,  a  large  trap-door  flap,  is  in  itself  practically  indifferent;  but,  in 
all  cases,  the  thoracic  opening  must  be  large  enough  to  allow  the  introduc- 
tion of  the  hand  and  an  easy  drawing  out  of  the  lung.  The  intercostal  inci- 
sion is  by  far  the  quickest  of  execution  and 
is  advocated  also  by  Friedrich,  especially 
for  exploration  purposes ;  but  it  must  be 
long.  After  the  skin  and  muscles  have 
been  divided  for  a  length  of  6  or  8  inches 
by  an  incision  following  the  direction  of 
the  rib,  the  intercostal  soft  parts  are  di- 
vided layer  after  layer,  and  the  intercostal 
artery  ligated  anteriorly  and  posteriorly. 
Then  the  fascia  endothoracica  and  the 
pleura  are  opened.  If  we  do  not  have  at  our 
disposal  a  differential  pressure  apparatus, 
we  let  the  pneumothorax  develop  only  slow- 
ly* by  closing  intermittently  the  opening 
with  a  dry  or  moist  (salt  solution)  compress.  Then  Mikulicz'  rib-spreader 
(see  Fig.  418)  is  introduced.  Friedrich  has  improved  this  instrument; 
in  his  model  both  spreading  blades  are  shaped  a  little  differently  and  can 
be  introduced  sei)arately.  The  parietal  pleura  must  be  carefully  pro- 
tected against  unnecessary  injury.  For  this  purpose  gauze  compresses 
wet  with  salt  solution  are  inserted  between  the  blades  of  the  instrument 
and  the  edges  of  the  wound.  The  skin  also  is  excluded  from  the  oper- 
ative field  by  gauze  compresses  laid  all  around  it  and  maintained  by 
clothespins.    Then  the  blades  of  the  rib-spreader  are  drawn  apart  with- 
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out  violence,  and  thus  we  can  break  the  neighboring  ribs  without  causing 
any  irreparable  lesions.  According  to  Friedrich,  the  parietal  pleura  is 
still  better  protected  when  we  saw  subperiosteally  the  neighboring  ribs 
dorsally  and  ventrally  with  a  Gigli  wire  saw. 

To  expose  anteriorly  the  three  lobes  and  the  hilum  of  the  right  lung, 
Friedrich  advocates  an  intercostal  incision  in  the  fourth  or  fifth  inter- 
costal space  with  temporary  resection  of  the  adjoining  ribs  (fourth  and 
fifth,  or  fifth  and  sixth) ;  the  incision  begins  near  the  costal  cartilage  and 
extends  4  or  5  inches  toward  the  axillary  line.  If  we  want  to  reach 
the  hilum  of  the  right  lung  from  the  back,  we  must  trace  the  incision 
behind  in  the  sixth  intercostal  space,  beginning  near  the  vertebrae  and 
running  to  the  posterior  axillary  line.  On  the  left  side  we  use  similar 
incisions. 

A  better  and  wider  approach  to  the  thoracic  cavity  is  obtained  by 
thoracotomy  after  subperiosteal  resection  of  4  or  5  inches  of  one  or  several 
ribs.  Even  without  considering  the  fact  that  the  ribs  regenerate  very 
completely  from  the  remaining  periosteum,  such  a  resection  of  several 
ribs  has  no  inconvenience;  particularly,  it  does  not  favor  the  development 
of  cicatricial  scoliosis,  which  is  essentially  due  to  scar  retraction  of  pleural 
pseudomembranes.  We  first  try  to  reach  our  aim  by  resecting  only  one 
rib,  and  sacrifice  the  others  only  in  case  of  necessity;  which  can  always 
be  done  through  a  simple  incision  parallel  with  the  rib  without  flap  forma- 
tion. The  thorax  is  opened  on  the  total  length  of  the  resected  segments 
of  rib. 

We  consider  this  technique  as  better  than  large  trap-door  flaps  as  cut 
by  Delormey  because  the  latter  make  the  operation  much  more  extensive, 
waste  much  more  time,  and  are  far  more  difficult  for  the  after-treatment. 
The  base  of  a  flap  of  this  type  lies  along  the  axillary  border  of  the  shoulder- 
blade  between  the  third  and  seventh  intercostal  spaces:  thence,  two  inci- 
sions run  forward  parallel  with  the  direction  of  the  ribs,  and  a  vertical  in- 
cision unites  these  two  near  the  origin  of  the  costal  cartilages.  In  this 
vertical  incision,  the  fourth,  fifth,  sixth,  and  seventh  ribs  are  divided 
subperiosteally  (Gigli  saw)  near  the  junction  of  the  bone  with  the  carti- 
lage ;  the  soft  parts  of  the  intercostal  space  are  cut,  the  spurting  vessels 
quickly  clamped,  and  the  pleura  opened  at  the  same  time.  Then  the  in- 
tercostal muscles  of  the  third  and  seventh  spaces  are  divided  from  before 
backward,  after  which  the  skin-muscle-and-rib  flap  is  raised  from  the 
chest-wall.  We  may  then  resect  near  the  base  of  the  flap  a  small  piece 
of  the  fourth  and  seventh  rib,  and  hinge  outward  the  whole  flap  after 
breaking  the  fifth  and  sixth  ribs.  This  breaking  is  easy  when  we  fold 
over  strongly  outward  the  flap,  using  the  thumb  placed  on  the  skin  as  a 
fulcrum. 

Now  the  lung  is  immobilized  with  the  hand,  with  a  Afwseiio;  (vulsellum) 
or  Payr  lung  forceps,  and  drawn  forward  on  a  level  with  the  stumps  of 
ribs;  not  farther,  because  drawing  the  lung  in  front  of  the  chest- wall  may 
give  rise  to  reflex  arrest  of  respiration.    This  drawing  forward  of  the 


418 


OPERATIONS  ON  THE  CHEST 


lunt;,  recommended  by  MuUer,  prevents  flattening  of  the  mediastinum, 
not  very  marked  in  men,  but  very  much  in  dogs,  and  deviation  of  the 
mediastinum  toward  the  normal  side. 

Next,  the  lung  is  carefully  inspected  for  wounds.  At  this  stage  of  the 
operation,  we  must  be  careful  lest  we  overlook  a  possible  wound  of  the 
pericardium,  the  wound  of  entrance  orof  exit  in  case  of  gunshot  injuries, 
or  multiple  wounds  in  case  of  crushing  of  the  lung.  Small  wounds  having 
smooth  edges  are  closed  by  Friedrich's  in- 
folding suture  (Fig.  419),  which  applies 
against  one  another  large  pleural  surfaces 
in  the  same  way  a  Lembert  intestinal  su- 
ture does  with  the  peritoneum.  We  use 
for  this  suture  round  needles  and  fine  silk, 
which  we  dip  into  liquor  ferri  sesquichlor- 
ati,  following  Twgel's  example,  to  stop 
immediately  the  bleeding  from  the  stitch 
canals.  The  stitches  must  be  about  f  inch 
apart  from  each  other  (Fig.  419,  A) ;  when 
the  threads  are  tied,  the  pleura  inverts 
spontaneously.  The  threads  are  drawn  only 
as  much  as  necessary  to  bring  the  pleural 
layers  in  snug  apposition.  According  to 
Garr4,  the  dead  space  resulting  from  the 
use  of  this  method,  in  case  of  deep  wounds 
of  the  lung,  must  be  obliterated  first  by 
buried  catgut  sutures  and  the  superficial 
suture  placed  only  later.  Crushed  pulmona- 
ry tissue  is  removed  with  a  dissection  for- 
ceps and  scissors;  the  wound  is  made  even, 
so  that  the  edges  are  of  equal  length  and 
that  the  loss  of  substance  takes  the  shape 
of  a  wedge,  both  sides  of  which  are  equal. 
It  goes  without  saying  that  gross  soiling 
must  be  cleaned  as  well  as  possible.  Ex- 
tensive wounds  of  the  surface  of  the  lung 
must  be  sutured  in  the  opening  of  the  chest- 
wall  by  a  number  of  separate  silk  stitches, 
and  a  sterile  gauze  packing  is  applied.  Always  fasten  the  lung  to  the 
rib  stumps  or  to  the  soft  parts  by  a  few — at  least  two — separate  silk 
stitches.  Prior  to  this  the  pleural  cavity  must  be  carefully  mopped  out 
with  gauze  sponges,  so  as  not  to  leave  any  traces  of  blood  which  afford 
bacteria  an  excellent  culture  medium  and  lessen  the  power  of  resorption 
of  the  pleura.  Wounds  in  the  region  of  the  hilum  are  difficult  of  access: 
they  must  be  treated  by  packing,  the  latter  being  brought  out  through 
the  anterior  or  posterior  angle  of  the  wound. 

After  the  lung  has  been  sutured,  the  thoracotomy  wound  is  reunited 
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by  fine  silk  stitches,  taking  both  the  pleura  and  intercostal  soft  parts. 
Over  this  row  of  sutures  the  muscles  are  stitched  with  catgut  and,  finally, 
the  skin  is  completely  closed.  Such  a  triple  suture  gives  a  securely  air- 
tight closure.  When  simple  intercostal  incision  has  been  used,  always 
place,  after  the  pleural  suture,  a  few  stitches  carried  around  the  next 
upper  and  lower  rib  (so-called  pericostal  stitches). 

If  we  work  under  differential  pressure,  we  can  easily,  by  inflating  the 
lung,  expel  the  air  from  the  pleural  cavity;  otherwise,  once  the  pleura  is 
completely  closed,  we  can  pump  out  the  air  by  means  of  a  trocar  and  of 
Potain*8  or  DieiUafoy's  apparatus.  Witzel  proposes,  for  those  cases  in 
which  the  thorax  can  be  completely  closed,  to  transform  the  pneumothorax 
into  a  hydrothorax  by  the  injection  of  sterile  fluids  (3%  boric  acid  solu- 
tion, physiological  salt  solution)  and  to  remove  later  the  fluid  by  tapping 
and  aspiration.  But,  generally,  we  shall  no^  have  to  resort  to  such  meas- 
ures, as  air  in  an  intact  pleura  undergoes  a  very  rapid  resorption.  After 
the  operation,  patients  with  pneumothorax  are  laid — generally  they  do  it 
spontaneously — on  the  diseased  side,  so  as  to  compress  it  and  relieve  the 
burden  of  the  normal  side. 

Ought  we  to  drain  primarily?  Yes,  of  course,  in  wounds  left  largely 
open  and  already  the  seat  of  suppuration.  But  if  everything,  as  far  as 
we  can  judge,  has  remained  aseptic,  then  close  completely  at  first  {Rehn) 
and  rather  drain  secondarily  when  continuous  high  fever  and  symptoms 
of  pleural  effusion  set  in ;  the  drainage  being,  as  it  is  always  in  case  of  em- 
pyema, established  behind  and  below,  through  a  short  rib  resection.  A 
large  dressing,  which  will  be  frequently  changed  if  the  escape  of  fluid  or 
pus  is  considerable,  closes  carefully  the  operative  field  above  and  below. 
Besides,  we  must  use  all  possible  means  to  better  the  general  condition 
of  the  patients  by  analeptics,  the  rectal  administration  of  saline  solutions, 
if  need  be,  intravenous  infusions  of  the  same,  and  a  careful  diet;  we  must 
allay  the  strong  cough-producing  irritation  by  codein  or  heroin,  and 
insure  the  purity  of  the  inhaled  air  by  a  good  ventilation  of  the  sick-room. 

Technique  of  Operations  for  Lung  Abscesses. 

If  painstaking  examination  of  the  sputum  (pus,  elastic  fibres),  physic- 
al examination,  and,  if  need  be.  X-ray  or  bronchoscopic  investigations 
make  sure  the  existence  of  a  lung  abscess  or  of  lung  gangrene;  if,  further- 
more, an  exploratory  puncture  (which,  however,  can  be  held  for  innocu- 
ous only  in  case  of  preexisting  pleural  adhesions)  has  determined  the  ex- 
act seat  of  the  abscess,  the  only  operative  procedure  to  consider  to  open 
the  focus  is  pneumotomy  with  drainage,  performed  as  early  as  possible, 
while  tapping  and  aspiration  of  the  pus  have  only  a  very  doubtful  value. 
The  most  important  adjuvant  to  ascertain  the  location  of  one  or  several 
lung  abscesses  is  radioscopy.  All  authors  agree  that  operation  during  the 
acute  stage  affords  the  safest  guarantee  for  a  rapid  and  permanent  recov- 
ery without  the  disadvantage  of  cavity  formation  in  the  lung  {Quincke, 
Karewski,  Perthes) .  Anatomical  dispositions  are  most  favorable  for  quick 
healing  in  the  lower  lobe  where  compensation  in  volume  takes  easier  place 
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than  in  the  higher  parts  which  are  encased  within  rigid  walls.  As,  accord- 
ing to  GarrS,  more  or  less  extensive  pleural  adhesions  preexist  in  87%  of  all 
treated  cases  of  lung  abscess,  we  may  operate  in  one  sitting  without  en- 
dangering the  pleural  cavity  by  infection  or  the  entrance  of  air.  But  if 
adhesions  do  not  exist;  if,  after  resecting  the  ribs,  we  see  the  lung  slide 
at  each  respiratory  movement  under  a  paper-thin  pleura,  it  is  desirable 
to  limit  our  first  intervention  to  resecting  one  or  several  ribs  and  stitch- 
ing tne  lung  to  the  costal  pleura  on  a  rather  large  area  (at  least  that  of  a 
palm  of  the  hand)  by  means  of  Roux'  backstitch  suture  (dip  the  threads 
in  turpentine  [Karewski]  or  in  juniper  oil  [Korte],  see  above,  page  411), 
and  to  incise  the  lung  in  that  first  sitting  only  in  case  of  urgency,  after 
a  most  careful  walling-off  by  suture  of  the  pleural  cavity.  However,  author- 
ized voices  {Quincke,  Korte,  Tuffier,  GwtirS)  plead  for  one-step  operations. 
Only  when  one  has  absolutely  no  data  as  to  the  location  of  the  abscess  is  it 
permissible  to  let  the  lung  collapse  after  the  pleura  is  opened,  so  as  to  be 
able  to  palpate  all  parts.  But,  if  such  has  been  the  case,  we  must,  subse- 
quently, draw  the  lung  out  and  stitch  the  part  of  the  cortex  covering  the 
abscess  to  the  opening  in  the  chest- wall ;  if  we  cannot  succeed  in  this  on 
account  of  marked  friability  of  the  lung-tissue,  as  often  happens  incase  of 
gangrene,  the  only  resource  left  to  protect  as  best  we  can  the  pleural  cav- 
ity against  infection  is  packing  with  large  gauze  compresses  moistened 
with  saline  solution  {Krause), 

While  some  authors  advise  to  operate  in  lung  suppurations  under  local 
anesthesia,  others  hold  general  anesthesia  as  desirable.  If  the  latter 
is  chosen,  we  ought  to  follow  Perthes^  advice,  namely,  to  empty  as 
much  as  possible  the  abscess  prior  to  the  first  operative  act— thoracotomy 
and  parietal  stitching  of  the  lung — by  making  the  patient  assume  for  a 
long  time  such  position  as  will  favor  evacuation  through  the  bronchi,  so 
that  pus  will  not  flow  into  the  bronchi  during  general  anesthesia  and  con- 
taminate the  healthy  side ;  while  for  the  second  act — opening  of  the  abscess 
— we  must  do  the  reverse :  for  this  step,  which  is  always  performed  with- 
out general  anesthesia,  we  let  the  abscess  fill  up,  make  the  patient  keep  a 
position  unfavorable  to  evacuation  through  the  bronchi,  and  administer 
small  doses  of  codein  to  prevent  coughing.  In  each  case,  the  patient 
knows  best  the  good  position ;  he  does  not  lie  the  same  way  when  he  wants 
to  cough  as  when  he  wants  to  avoid  coughing,  for  instance,  during  his 
sleep. 

The  procedure  in  a  case  of  acute  lung  abscess,  in  which  a  high  tempera- 
ture and  loss  of  strength  of  the  patient  command  a  prompt  intervention, 
would  therefore  be  as  follows :  Local  or  general  anesthesia.  In  the  latter 
case,  place  the  patient  as  much  as  possible  on  the  diseased  side,  so  as  to  pre- 
vent overflow  of  pus  toward  the  sound  lung.  Subperiosteal  resection  of  the 
ribs  covering  the  focus,  isolating  quilted  suture  all  around  the  window 
in  the  thoracic  wall,  incision  of  the  pleura,  veriflcation  of  the  efficiency 
of  the  protection  of  the  latter,  completion,  if  need  be,  of  the  same  by  a 
few  separate  fine  silk  stitches  or  by  packing,  puncture  with  a  long  needle 
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which,  after  aspiration  of  a  small  quantity  of  pus,  is  left  in  situ,  superfi- 
cial incision  of  the  lung  with  the  red  hot  thermocautery ;  a  closed  dressing 
forceps  is  introduced  along  the  needle,  then  the  blades  are  cautiously 
spread  apart  so  as  to  divide  the  lung-tissue  as  bluntly  as  possible.  In  case 
of  severe  bleeding,  clamping,  direct  or  mediate  ligation  of  the  bleeding 
vessels;  in  case  of  necessity,  pack.  Avoid  as  much  as  feasible  leaving 
clamps  permanently.  Korte  advises  to  sever  between  two  ligatures  any 
large  bloodvessels  that  may  span  the  abscess  cavity.  Irrigation  is  most 
strictly  forbidden  in  lung  abscesses,  owing  to  the  danger  of  aspiration  of 
the  irrigating  fluid.  Moderately  firm  packing  of  the  abscess  with  a 
Mikulicz  iodoform  gauze  tent,  or  introduction  of  a  thick  drainage-tube 
wrapped  in  gauze  to  avoid  vascular  erosions.    Large  air-tight  dressing. 

If  the  abscess  cannot  be  found,  pack  and  wait  a  few  days.  In  most 
cases  the  abscess  opens  then  spontaneously  in  the  wound  cavity.  Or  have 
one  more  radioscopic  examination  made.  When  iodoform  gauze  has  been 
used  for  the  packing,  it  becomes  very  easy  to  determine  the  relative  posi- 
tion of  the  abscess  and  of  the  wound  cavity. 

The  pus  cavity  must  be  obliterated  by  granulation;  the  packing  is 
removed  little  by  little,  and  cicatrization  takes  place  from  the  depth  toward 
the  surface. 

The  intervention  is  much  more  difficult  in  chronic  abscesses  of  the 
lung,  in  which  the  surrounding  lung-tissue  is  changed  into  sclerosed 
masses,  which  after  the  opening  of  the  abscess  hinder  shrinking  of  the 
cavity,  and  by  the  extension  of  their  callosities  make  retraction  of  the 
chest- wall  impossible.  In  such  cases,  we  must  first  resect  unsparingly 
the  whole  part  of  the  thoracic  wall  lying  over  the  abscess,  as  for  a  Schede 
thoracotomy,  and  remove  the  pleural  pseudomembranes  (see  above.  Lung 
decortication).  Finally,  the  whole  pulmonary  lobe  is  drawn  out  as  far  as 
is  necessary  to  reach  soft,  not  indurated,  lung  tissue.  Then  all  the 
fibrous  tissue  covering  the  abscess  is  removed,  so  that  the  result  is  a  shal- 
low pit  in  which  the  external  soft  parts  can  apply  {Korte).  Spurting  ves- 
sels are  clamped  and  ligated  directly  or  mediately,  which  in  most  cases  is 
not  very  difficult.  Karewski  divides  soft  lung  tissue  with  the  Paquelin, 
indurated  with  the  knife.  There  is  no  doubt  that  this  procedure  does 
not  always  reach  the  goal,  and  it  is  certainly  justified  in  such  difficult 
cases  to  excise  primarily  the  whole  diseased  focus  and  consequently  also 
the  wall  on  the  hilum  side  of  the  abscess;  even  in  case  of  need,  to  remove 
a  whole  pulmonary  lobe  and  thus  perform  a  resection  or  amputation  of 
a  lung  lobe.  In  case  of  resection,  particular  attention  must  be  paid  to  the 
large  bronchial  divisions  opening  into  the  cavity;  the  mucosa  is  first  de- 
stroyed with  the  Paquelin  tip  for  a  length  of  about  J  or  ^  inch,  after  which 
a  ligature  may  be  carried  around  with  a  needle  to  constrict  the  cartilage 
itself.  According  to  Friedrich,  we  can,  in  partial  resection  of  a  lobe, 
obtain  a  sufficient  artificial  anemia  by  a  moderate  prophylactic  pressure  ex- 
erted on  the  lung-tissue  at  the  limit  of  resection.  Garri  recommends,  in 
cases  where  the  whole  diseased  part  of  the  lung  is  removed  and  the  line 
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of  section  passes  through  sound  tissue,  to  obliterate  the  cavity  by  super- 
posed tiers  of  suture.  .  Those  resections  are  always  atypical  operations, 
in  which  the  operative  technique  in  the  lung  may  vary  from  case  to  case. 
On  the  contrary,  amputation  of  a  pulmonary  lobe,  which  I  shall  de- 
scribe after  Friedrich,  is  a  typical  operation.  If  we  have  to  remove  a 
whole  lobe,  we  must  first  try  to  isolate  and  ligate  the  large  pulmonary 
bloodvessels  at  the  hilum  when  the  latter  is  accessible;  but  we  must  avoid 
constricting  en  masse  the  bloodvessels  and  bronchi,  because  at  the  same 
time  that  we  interrupt  circulation  in  the  large  vessels  we  damage 
too  much  the  bronchial  vessels  themselves.  The  primary  bronchi  at  the 
hilum  are  behind  the  large  bloodvessels,  but  farther  peripherally  these 
relations  are  changed.  If  we  must  operate  very  rapidly,  and  if  topo- 
graphical conditions  (inflammatory  adhesions,  lymphatic  glands)  forbid 
to  denude  the  pulmonary  artery  for  a  short  length,  the  best  is  to  pass 
an  aseptic  rubber  tube  around  the  bloodvessels  and  bronchi  together,  and 
to  clamp  together  both  ends  of  this  tube  after  strongly  stretching  it:  this 
is  less  injurious  than  tying  the  tube  itself.  Or  we  may  take  the  whole 
pedicle  at  the  hilum  between  the  branches  of  a  compression  forceps  (Fig. 

420) ;  thus  we  partly  preserve 
the  circulation  of  air  in  the 
bronchus  without  imperilling 
the  special  arterial  supply 
of  the  latter.  Clamps  that 
would  seize  transversely  and 
strongly  contuse  the  bronchus 
must  be  rejected.  We  shall 
Fig.  420.  first  set  forth  the  technical  de- 

tails of  the  treatment  of  the 
bronchi.  It  is  important  never  to  resect  the  bronchus  medially  of  the  re- 
flexion fold  of  the  pleura  around  the  hilum;  this  means  that  the  lobe  is 
divided  on  its  inner  side,  so  as  to  leave  the  entire  length  of  the  hilum 
pedicle.  If  the  bronchus  is  severed  higher  (nearer  the  midline  of 
the  body),  we  cannot  avert  with  certainty  a  complication  which  endangers 
life,  namely,  mediastinal  emphysema.  In  consequence  of  the  activity  of 
the  other  lung,  and  also  of  extension  movements  of  the  neck,  bending 
backward  of  the  head,  deep  inspirations  and  expirations,  coughing  efforts, 
the  bronchial  stump  can  retract  into  the  mediastinum,  contaminate  the 
latter  or  produce,  if  air  leaks  through  even  a  very  minute  flssure,  fatal 
mediastinal  emphysema.  Moreover,  the  larger  the  lumen  of  the  bronchial 
duct, the  stronger  is  also  its  cartilaginous  frame  and  the  more  difficult  the 
closure  of  the  bronchus  during  operations.  This  closure  is  effected  as  fol- 
lows: the  bronchus  is  loosely  clamped  in  a  sagittal  direction  at  the  hilum 
whenever  possible  after  detachment  of  the  bloodvessels,  between  the  rub- 
ber-covered blades  of  an  elastic  clamp  (see  Hopfner's  vascular  clamps,  on 
page  98.  Then  the  bronchial  mucosa  is  scraped  out  with  a  small  sharp 
curette  introduced  through  the  cut  end  and  pushed  up  to  the  clamped 
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point;  next,  a  silk  ligature  is  carried  by  means  of  a  needle  around  the 
bronchus  li  inches  above  the  severed  end ;  the  bronchus  is  firmly  constricted 
and  the  proximal  clamp  removed.  Later,  the  lumen  of  the  bronchus, 
proximally  and  distally  of  the  site  of  ligation,  will  become  occluded  by 
granulations.  Always  narrow  the  excluded  segment  of  bronchus  by  a 
second  catgut  ligature  applied  loosely  medially  of  the  first  ligature ;  this 
second  ligature  weakens  the  jar  of  coughing  efforts  on  the  main  ligature. 
Garri  unites  the  bronchial  stump  to  a  remnant  of  lung-tissue,  but  Fried- 
rich  condemns  this  method.  Open  after-treatment.  Liarge  defects  of 
the  thoracic  wall  must  be  covered  later  by  transplantations  or  plastic 
flap  operations. 

Bronchial  Fistulae. 

Those  situated  superficially  may  be  treated  by  removal  of  the  mem- 
branes, avivement,  mediate  ligation,  and  suture  of  the  lung  tissue,  after 
the  corresponding  region  of  the  lung  has  been  detached  from  its  adhe- 
sions; or,  according  to  Friedrich,  healing  by  granulation  maybe  obtained 
after  a  high-reaching  cauterization  with  the  Paquelin. 

Bronchiectasy. 

The  operative  treatment  of  this  disease  is  much  easier  and  satisfac- 
tory in  early  than  in  advanced  stages.  In  such  cases,  the  lung  is  always 
adherent  to  the  thoracic  wall  and  cannot  shrink.  The  thorax  and  the  lung- 
tissue,  always  retracting  more  and  more,  exert  centrifugal  tractions  on 
the  bronchial  walls.  Bronchiectasies  are  more  frequent  in  the  lower  and 
back  part  of  the  lung.  In  the  incipient  stage,  it  may  suffice  to  mobilize 
freely  the  thorax  over  the  diseased  focus  by  rib  resections  and  extirpation 
of  pleural  false  membranes,  and  thus  to  give  the  lung  a  chance  to  retract. 
But  in  older  cases  we  must  free  the  lung,  and  we  may  try,  as  Lenhartz  did, 
to  bring  about  collapse  of  the  separate  ectasies  by  incisions.  But  the  re- 
sults of  such  incisions  are  generally  very  poor.  GarrS  advises,  even  already 
in  the  early  stages,  to  mobilize  the  lung  by  rib  resection,  detachment  of 
the  whole  pulmonary  lobe  (especially  from  the  costo-diaphragmatic  pleural 
sinus)  so  ias  to  let  the  latter  collapse,  and  to  stitch  the  edge  of  the  lung  to 
the  dome  of  the  diaphragm.  In  very  severe  cases,  amputation  of  the 
whole  lobe  must  be  performed,  as  described  above.  Lenhartz  used  to 
make  the  latter  in  two  sittings:  first,  very  extensive  rib  resection,  extir- 
pation of  the  pseudomembranes,  detachment  of  the  pulmonary  lobe,  and 
formation  of  the  pedicle  till  an  elastic  rubber  tube  could  be  passed  around 
the  latter;  second,  removal  of  the  lung,  as  said  above. 

Tuberculosis  of  the  Lungs. 

Intrapulmonary  interventions  are  but  very  seldom  performed  now  for 
lung  tuberculosis :  they  seem  to  be  progressively  crowded  out  by  those 
of  the  extrapulmonary  type  (see  above,  pleuropneumolysis,  page  410). 
However,  there  are  still  a  few  indications  for  intrapulmonary  interference 
on  tuberculous  foci,  but  solely  in  those  cases  in  which  only  part  of  a  lung 
is  diseased,  while  the  other,  as  far  as  demonstrable,  is  sound.  In  this 
sense  GarrS  advocates  removal  of  tuberculous  lower  lobes,  even  when  the 
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seat  of  large  cavities,  by  extensive  rib  resection,  freeing  of  the  lung  and 
resection  or  amputation.  On  the  other  hand,  he  treats  by  opening,  drain- 
ing, eventually  packing,  caverns  situated  in  the  upper  part  of  the  lung 
only  when  there  is  pus  retention  therein  due  to  mixed  infections,  with 
high  septic  fever.  In  old  cavities  mobilizing  the  chest-wall  over  them 
may  perhaps  favor  shrinking. 

Actinomycosis  of  the  Lungs. 

On  this  subject  the  opinions  of  authors  are  much  at  variance.  Owing 
to  the  well-known  character  of  actinomycosis  to  propagate  far  into  tissues, 
some  believe  it  impossible  to  remove  radically  actinomycosis  of  the  lung, 
but  others  believe  that  they  have  demonstrated  the  possibility  of  a  radical 
cure  by  a  few  cured  cases.  This  possibility  depends  necessarily  upon  early 
recognition  of  the  disease,  but,  unfortunately,  we  shall  seldom  find  such 
comparatively  favorable  cases  as  were  those  operated  on  and  cured  by 
Schlange  and  Karewski.  In  most  cases  of  primary  lung  actinomycosis, 
the  thoracic  wall  is  already  implicated.  Resulting  swellings,  abscesses, 
and  sinuses  may  be  of  capital  diagnostic  importance.  If  we  are  able  to 
locate  with  certainty  the  focus  in  the  lung,  Karewski  believes  that  we 
may  obtain  a  cure  by  an  extensive  resection  of  the  ribs  followed  by  free- 
ing and  resection  or  amputation  of  the  diseased  part  of  the  lung.  But  if 
the  process  is  diffuse,  we  must  be  satisfied  with  exposing  as  best  we  can 
the  diseased  parts  and  removing  them  with  knife  and  scissors,  splitting 
sinuses  open  as  widely  as  possible,  scraping  and  swabbing  them  with 
tincture  of  iodin  {Koclier),  and  trying  to  influence  favorably  the  morbid 
process  by  large  doses  of  potassium  iodid  (4  to  6  grams  a  day). 

Tumors  of  the  Lungs. 

The  surgical  treatment  of  primary  tumors  of  the  lung  has  still,  for 
the  time  being,  a  very  bad  prognosis,  chiefly  because  the  diagnosis  in  most 
cases  is  made  very  late.  Lenhartz  asserts  that  he  succeeded  in  a  large 
number  of  cases  in  demonstrating  a  primary  carcinoma  of  the  lung  by 
the  finding  of  numerous  fatty  and  granular  globules  in  the  sputum  or  the 
needle  contents  after  exploratory  puncture.  Helferich  established  the 
possibility  of  removing  a  primary  growth  of  the  lung  by  amputation  of 
the  latter.  In  operations  for  lung  tumors  it  will  be  well  to  begin  by  a 
very  large  thoracotomy  with  intercostal  incision,  resection  of  several  ribs 
or  trap-door  flap,  and  to  let  the  lung  collapse  so  as  to  be  able  to  palpate  ac- 
curately all  its  parts.  Next  resection  or  amputation,  as  above  described, 
may  be  undertaken. 

Hydatid  Cysts  of  the  Lungs. 

The  most  difficult  thing  in  the  treatment  of  echinococcus  of  the  lung 
is  to  recognize  it.  In  most  cases  the  diagnosis  can  be  made  only  by  ex- 
clusion. When  hydatids  are  suspected,  exploratory  puncture  is  strictly  con- 
traindicated,  as  the  sac  might  easily  burst  and  empty  its  contents  into  a 
bronchus,  and  the  i)atient  might  die  suffocated  by  flooding  of  the  whole 
respiratory  tract  by  echinococcic  fluid.  In  doubtful  cases  exploratory  tho- 
racotomy is  the  safest  means  to  settle  the  diagnosis  and  begin  at  once  the 
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curative  interference.  If  we  have  to  deal  with  a  case  of  hydatids  ruptured 
into  the  pleura — primary  echinococcus  of  the  pleura  is  very  rare — simple 
thoracotomy  with  resection  of  the  ribs  and  drainage  may  bring  about  a 
cure.  If  the  cyst  is  located  within  the  lung,  it  is  better  to  remove  several 
ribs,  to  stitch  circularly  a  large  area  of  lung  to  the  intercostal  soft  parts 
when  there  are  no  pleural  adhesions,  and  to  open  the  sac,  either  forthwith 
or  in  a  second  sitting  after  a  few  days.  Do  not  let  the  contents  escape 
too  quickly,  as  otherwise  rapid  expansion  of  the  lung-tissue  compressed 
by  the  cyst  might  easily  be  attended  by  strong  repletion  and  bursting  of 
small  and  very  small  pulmonary  bloodvessels,  with  hemorrhage  either 
externally  or  into  the  bronchi,  and  possible  flooding  of  the  other  lung 
with  blood.  We  once  lost  a  patient  soon  after  operation  on  account  of 
bleeding  due  to  that  cause,  and  aspiration  of  blood.  For  the  same 
reason,  we  cannot  speak  in  favor  of  immediate  extraction  of  the  whole 
sac,  which,  however,  loosens  soon  spontaneously  and  is  cast  off.  After 
incising  the  sac,  let  it  evacuate  slowly  and  pack  its  cavity  moderately 
firmly.  This  cannot  be  executed  correctly  through  a  small  opening 
in  the  thorax;  and  if  there  is  any  bleeding  it  cannot  be  well  controlled 
either.  Therefore  we  advocate  in  all  cases  a  liberal  thoracotomy  and 
suture  of  the  lung  to  the  chest-wall  on  an  area  at  least  equal  to  that  of 
the  palm  of  the  hand. 

Foreign  Bodies  of  the  Lungs. 

The  removal  of  foreign  bodies  from  the  lungs  has  rightly  passedfrom 
the  hands  of  surgeons  into  those  of  larynx  specialists— but  a  surgeon  may 
also  become  one  of  the  latter.  Foreign  bodies  that  can  be  detected  by 
bronchoscopy  or  X-rays  ought  to  be  removed  as  early  as  possible,  before 
abscess  formation  or  gangrene  accompanied  by  migration  of  the  foreign 
body  from  the  bronchus  into  the  pulmonary  parenchyma  has  occurred. 
Sometimes  we  may  be  lucky  enough  to  extract  the  body  by  simple  tra- 
cheotomy, placing  the  patient's  head  low  down  and  dislodging  it  by 
coughing  efforts  or  by  means  of  a  spoon  somewhat  shaped  as  RiedeVs  gall- 
stone scoop,  or  of  a  slender  curved  forceps.  But  the  method  of  choice  is 
KiUian^s  bronchoscopy  and  extraction  per  vias  naturales.  Only  when  these 
attempts  fail  is  it  justified  to  resort  to  posterior  thoracotomy  with  resec- 
tion of  the  fourth,  fifth,  and  sixth  ribs,  and  to  try  to  expose  the  foreign 
body  through  the  posterior,  cartilage-free  wall  of  the  bronchus;  and, 
eventually,  to  open  an  abscess  or  a  gangrenous  focus.  We  do  not  always 
succeed  then  in  finding  the  foreign  body,  but  it  happens  frequently  that 
the  latter,  loosened  by  the  manipulations  attending  such  a  major  interven- 
tion, is  expelled  through  the  trachea  during  a  sudden  coughing  spell. 
Friedrich  considers  as  very  valuable  Quincke' s  adwice,  namely,  in  all  cases 
in  which  the  exact  location  of  the  foreign  body  or  of  the  abscess  could  not 
be  determined  after  exposure  of  the  lung,  to  establish  a  bronchial  fistula 
on  the  lower  part  of  the  right  side  below  the  angle  of  the  shoulder-blade, 
with  a  view  to  checking  the  extension  of  an  abscess  or  gangrenous  focus 
that  might  start  from  the  foreign  body. 
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Clack's  Posterior  Bronchototny. 

If  we  occlude  the  mouth  and  nostrils  of  a  patient  having  a  fistula  of  a 
fair-sized  bronchus,  we  observe  a  phenomenon  first  noted  by  Gluck, 
namely,  that  the  patient  breathes  through  the  fistula.  Ghick  calls  it  retro- 
grade breathing,  and  wants  to  take  advantage  of  it  to  restore  free  breath- 
ing in  case  of  stenosis  of  the  trachea  at  the  bifurcation  by  scars,  aneu- 
•rysms,  tumors,  as,  in  most  cases,  the  obstacle  cannot  be  overcome  by 
Koenig*8  cannula  or  a  ''lobster  tail"  cannula,  or  these  instruments  cause 
severe  tracheitis.  Even  if  I  cannot  give  my  complete  assent  to  the  latter 
assertion — one  of  my  patients  presenting  a  tracheal  stenosis  due  to  pres- 
sure of  a  huge  aneurysm  of  the  arch  of  the  aorta  wore  a  Koenig  cannula 
for  three  months  without  any  damage  and  died  of  rupture  of  the  sac  into 
the  left  pleura  and  lung — Gluck*8  proposal  deserves  attention.  For  retro- 
pleural  exposure  of  the  right  or  left  bronchus — in  case  of  aortic  aneu- 
rysms which  develop  particularly  toward  the  left  side,  right-sided  bron- 
chotomy  would  be  preferable— G/i^c/c  makes  an  U-shaped  incision  with  the 
base  on  the  vertebral  edge  of  the  shoulder-blade,  the  latter  being  brought 
as  far  away  as  possible  from  the  vertebrae  through  elevation  of  the  arm 
forv\'ard  and  upward.  The  flap  stretches  backward  between  the  fourth 
and  ninth  intercostal  si)aces.  After  division  of  the  latissimus  dorsi  and 
trapezius  and  deflection  inward,  eventually  detachment,  of  the  long  muscles 
\}t  the  back,  the  fifth,  sixth,  seventh,  and  eighth  ribs  are  resected  sub- 
lioriosteally  for  a  length  of  about  i  inch  from  the  costal  angle;  next,  the 
intorcostal  soft  parts  of  the  fifth,  sixth,  seventh,  and  eighth  spaces  are 
Uividod  vertically  and,  at  the  same  time,  the  intercostal  arteries  are 
clwnvHHi  and  ligated  on  each  side  of  the  incision.  Finally,  the  soft  parts 
\f(  tho  fourth  and  ninth  intercostal  spaces  are  divided  by  an  incision 
tmmllol  with  the  ribs,  and  we  then  can  fold  over  the  whole  flap  outward 
»lt%?r  luvttking  the  ribs.  The  pleura  is  detached,  whereby  the  sympathicus 
»tv**vv  w  found  along  the  vertebrae  and  protected  against  injury.  The 
bivitchu!^  ought  to  be  found  at  a  depth  of  about  3  inches  from  the  surface 
oi  llw  ril^  and  4  to  5  inches  from  the  surface  of  the  skin.  On  its  posterior 
^uu'i'Hv'^  oK>8*e  to  the  vertebrae,  runs  the  azygos  vein  which,  in  case  of 
iKvU)  »«^v  U^  severed  between  two  ligatures ;  a  little  outward  we  find  the 
vc^^UH  n^rN'o,  which  is  pushed  inward.  Then  we  can  palpate  and  open 
ihv  iK>tktvnw  rotropleural,  cartilage-free  wall  of  the  primary  bronchus. 
KitHsik  HMikvc^  this  posterior  bronchotomy  only  as  a  temporary  measure; 
\v  tHr'ife  »vtt\vt^^i^*  breathing  is  permanently  necessary,  the  fistula  is  es- 
(t^iMtwU  v^ti  tho  lung.  Friedrich  also  ascertained  that  we  can  reach  in 
I  xiwii  tOHv  tht^  bifurcation  and  the  primary  bronchi  through  resection 
o4  tJuv^  ^M^  ftKir  ribs  behind  on  the  right  side. 

6.  Surgery  of  the  Mediastinum 

^%fcw  T|r^iT^y  of  operations  on  the  sternum,  we  already  said  how 
i^atiiirttinvr*  may  be  made  accessible  to  the  knife  of  the 
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surgeon.  We  still  have  to  add  a  few  words  about  surgery  of  the  posterior 
mediastinum.  So-called  cervical  mediastinotomy  is  nothing  but  cervical 
oesophagotomy  (see  p.  341)  in  which  the  incision  is  lengthened  down- 
ward to  the  suprasternal  fossa  so  as  to  reach  a  deep  part  of  the  oesopha- 
gus, which  is  by  far  the  most  frequent  cause  of  inflammatory  processes 
in  the  posterior  mediastinum.  This  operation  has  been  sufficiently  de- 
scribed with  oesophagotomy. 

Posterior  Mediastinotomy. 

A  detailed  study  of  surgery  of  the  posterior  mediastinum  has  been 
given  by  Enderlen  (Deutsche  Zeitschrifi  f.  Chir.,  Bd.  61,  page  441)  from 
whom  I  borrow  essentially  the  following  procedures:  Sauerbruch*8  con- 
siderable work  on  the  surgery  of  the  thoracic  segment  of  the  oesophagus 
(in  Beitrdge  zur  Kliniachen  Ckirurgie,  Bd.  46)  contains  an  extraordinary 
number  of  interesting  and  new  points  about  transpleural  oesophagotomy, 
resection  of  the  oesophagus,  oesophago-gastrotomy,  differential  pressure  as 
applied  to  those  operations,  etc.  But,  considering  the  very  bad  prog- 
nosis of  operations  on  the  oesophagus  for  malignant  newgrowths,  I  deem 
it  sufficient  to  indicate  here  the  way  to  gain  access  from  behind  to  the 
different  segments  of  the  oesophagus  and  particularly  to  the  posterior 
mediastinal  space,  with  the  smallest  possible  danger  to  the  patient,  with- 
out differential  pressure  and  without  opening  the  pleura. 

As  indications,  Enderlen  lists  the  following  lesions: 

(a)  Foreign  bodies  which  cannot  be  removed  in  any  other  way,  or  have 
already  perforated  the  oesophagus ; 

(b)  Diverticula  of  the  lower  part  of  the  oesophagus,  if  they  resist 
palliative  treatment ; 

(c)  Suppurations  originating  in  the  vertebrae  or  in  the  oesophagus, 
and  which  cannot  be  mastered  through  a  high  incision,  cervical  mediasti- 
notomy ; 

(d)  Correspondingly  situated  lung  abscesses. 
To  which  we  might  perhaps  add: 

(e)  Sacciform  dilatations  of  the  oesophagus,  idiopathic  dilatation, 
when  it  cannot  be  cured  by  irrigations,  passage  of  bougies  from  the  mouth 
or  the  stomach  (Reisinger's  case  of  excision  of  jisrt  of  the  sac-wall  of  a 
dilated  oesophagus) . 

As  regards  the  position  of  the  oesophagus,  Enderlen  says  that  it  may 
vary  relatively  to  the  spinal  column,  to  both  pleurae,  especially  the  right 
one,  and  to  the  aorta. 

As  route  of  access,  he  recommends:  above  the  tracheal  bifurcation,  the 
left  side ;  at  the  level  of  the  fifth  and  sixth  dorsal  vertebrae,  the  right 
side,  and  below  this  point  down  to  the  diaphragm,  either  the  right  or 
left  side. 

Operations  on  the  oesophagus  must  always  be  preceded  by  gastrostomy 
(see  below) ;  Hildebrand  recently  strongly  emphasized  this  point. 

Enderlen  prefers  Rehn's  curved  incision  or  the  formation  of  a  rectangu- 
lar flap  with  base  on  the  spinous  processes  to  angular,  T-shaped,  or  simple 
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longitudinal  incisions.  The  curved  incision  recommended  by  Reh7i  for 
the  segment  of  oesophagus  situated  between  the  fourth  and  eighth  dorsal 
vertebrae  runs  on  the  right  side  from  the  spinous  process  of  the  third 
dorsal  vertebra  to  the  vertebral  border  of  the  scapula  and  again  to  the 
spinous  process  of  the  ninth  dorsal  vertebra.  The  incision  goes  down  to 
the  ribs  and  begins  with  the  resection  of  one  of  the  lower  ribs,  the  eighth, 
for  instance ;  after  the  latter  has  been  resected  subperiosteally,  Rehn  in- 
cises carefully  the  posterior  periosteum  and  the  fascia  endothoracica  and 
introduces  his  left  forefinger  to  detach  carefully  the  pleura  from  the  next 
upper  rib.  Thus,  one  by  one,  the  ribs,  up  to  the  fourth  inclusive,  are  re- 
sected for  a  sufficient  length  and  without  wounding  the  pleura. 

Eiiderlen  forms  a  rectangular  flap  with  base  on  the  vertebral  column 
from  the  third  to  the  ninth  dorsal  spinous  process  and  extending  to  the 
vertebral  border  of  the  scapula.  Division  of  all  soft  parts  down  to  the 
ribs  and  folding  over  of  the  flap.  Subperiosteal  denudation  of  4  inches  of 
the  eighth  rib.  This  step  is  the  most  difficult  part  of  the  rib  resection. 
When  the  eighth  rib  has  been  freed  and  removed  subperiosteally,  it  be- 
comes comparatively  easy,  after  incision  of  the  external  periosteum,  to 
resect  partially,  medially  and  laterally,  the  next  upper  rib  for  the  same 
length,  and  to  mobilize  it  by  incising  the  soft  parts.  Proceeding  in  the 
same  way,  always  carefully  ligating  divided  bloodvessels,  the  surgeon 
forms  a  large  flap  including  parts  of  the  rib  and  the  intercostal  soft  parts, 
and  pediculated  toward  the  head,  and  the  same  is  folded  over  upward. 
But  it  is  advisable  to  remove  subsequently  the  fragments  of  rib  remaining 
in  the  flap.  Cautious  detachment  of  the  pleura  from  the  vertebrae  and 
laterally,  during  which  step  we  must  look  out  for  the  sympathetic  nerve 
which  runs  on  the  heads  of  the  ribs  between  the  pleura  and  endothoracic 
fascia.  Occasionally,  according  to  Enderlen,  the  sympathetic  may  be 
lifted  with  the  pleura,  a  thing  which,  however,  Rehn  considers  as  impos- 
sible. Now,  if  we  operate  on  the  left  side,  a  difficulty  springs  up  under 
the  shape  of  the  intercostal  arteries,  of  which  Coming  says:  "The  left 
intercostal  arteries  arising  from  the  descending  aorta  have  no  anatomical 
relations  with  the  oesophagus;  on  the  contrary,  the  right  intercostal 
arteries  pass  perpendicularly  over  the  anterior  surface  of  the  vertebrae,  con- 
sequently behind  the  oesophagus,  to  go  to  the  right  intercostal  spaces. 
They  cross  the  thoracic  duct  lying  on  the  spinal  column  in  the  groove  be- 
tween the  oesophagus  and  aorta."  Fig.  421  represents  diagrammatically 
the  position  of  the  structures  in  the  posterior  mediastinum  and  the  possi- 
bilities of  access.  Therefore,  when  we  start  from  the  left  side  and  reach 
the  left  side  of  the  aorta,  ventral  to  which  lies  the  oesophagus,  the  question 
arises  whether  we  must  push  toward  the  oesophagus  in  front  or  back  of 
the  aorta.  Behind  the  oesophagus  we  must  of  necessity  find  across  the 
operative  field  the  right  intercostal  arteries  running  transversely  toward 
the  right  side,  so  that  between  any  two  consecutive  of  these,  we  should 
see  only  a  very  short  segment  of  the  canal.  If  we  choose  to  pass  in 
front  of  the  aorta,  we  have  to  detach  the  pleura  more  from  the  big 
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vessel,  hemostasig  is  difficult,  and  the  aorta  obstructs  the  view.  When 
we  start  from  the  right  side,  the  difficulties  inherent  to  the  intercostal 
arteries  are  removed  from  the  beginning,  and  therefore  the  selection  of 
this  side  is  advisable  as  a  general  rule,  and  particularly  at  the  level  of 
the  fifth  or  sixth  dorsal  vertebra,  where  the  ossophagus  is  still  very  close 
to  the  aorta,  in  front  and  to  the  right  side  of  the  latter.  As  farther 
down  the  oesophagus  gets  more  and  more  ventral  and  toward  the 
left  side,  it  can  there  be  reached  from  the  left  side  of  the  aorta,  at  a 


itH  s'<*' 
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greater  depth,  however,  than  from  the  right  side.  It,  therefore,  seems 
that  access  from  the  right  side  would  be  the  method  of  choice.  When 
we  have  reached  the  anterior  aspect  of  the  vertebras,  it  is  advisable  to 
have  an  oesophageal  tube  introduced,  so  as  to  make  the  duct  stand  out 
better.  Going  farther,  we  still  have  to  remember  the  azygos  vein  and 
the  thoracic  duct.  When  we  reach  the  cesophagus  itself,  we  have  to 
reckon  with  the  vagus  nerve,  whose  smaller  branches  can  hardly  be 
spared.    Wearethen  working  at  a  depth  of  5  to5i  inches.  The  denudation 
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of  the  oesophagus  itself  presents  some  difficulty,  as  it  is  easy  to  lose  one's 
way  into  the  muscular  coats.  But  when  we  have  succeeded  in  freeing  it 
all  around  in  one  place,  we  may  easily  draw  it  forward,  on  account  of  its 
loose  connections  with  the  surrounding  structures,  and  isolate  it  bluntly 
upward  and  downward.  The  incision  in  the  oesophagus  is  made  as  for 
oesophagotomy  (page  342).  In  suppurative  conditions,  we  pack  without 
attempting  to  suture;  in  other  cases,  a  suture  may  be  applied.  It  is  best 
to  leave  the  major  part  of  the  external  wound  open,  at  least  the  part 


Fic.  422. 

corresponding  to  the  oesophageal  incision,  and  to  pack  it.    Feeding  is 
administered  at  first  through  the  gastrostomy  opening. 

Special  details  about  resection  of  the  oesophagus,  etc.,  are  to  be  found 
in  the  above-quoted  article  of  Sauerbruch's. 


7.  Transpleural  Laparotomy 

To  open  subphrenic  abscesses  (see  also  further  about  appendicitis) 
and  to  expose  the  convex  upper  surface  of  the  liver,  we  are  occasionally 
compelled  to  select  a  route  through  the  pleural  space  at  the  level  of  the 
diaphragm  dome  (costo-diaphragmatic  sinus).  In  most  of  those  cases, 
the  diaphragmatic  cupola  rises  extraordinarily  high,  the  pleural  layers  of 
the  sinus  hug  closely  each  other,  the  diaphragmatic  pleura  lies  directly  over 
the  parietal,  and  not  unfrequently  is  matted  with  the  latter  as  a  result 
of  inflammation.  The  place  and  depth  of  the  pus  collection  must  be  first 
determined  before  operation  by  means  of  puncture  wiih  a  long  needle. 
If  we  desire  a  really  wide  access  to  the  convex  upper  surface  of  the  liver, 
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we  shall  choose  the  following  method  (see  Figs.  422  and  423,  imitated 
from  Kocher's  text-book  and  in  about  natural  size).  The  patient  being 
in  the  dorsal  position,  because  the  latter  favors  best  flattening  of  the 
costo-diaphragroatic  sinus,  an  incision  is  made  farther  forward  or  back- 
ward, according  to  the  data  supplied  by  the  exploratory  puncture.  Incision 
in  the  ninth  intercostal  space  through  the  skin,  fascia,  and  the  fibres  of  the 
latissimus  dorsi  and  obliquua  abdominus  extemus.  The  superficial  soft 
parts  are  pushed  up  and  downward  until  the  ninth  and  tenth  ribs  (eventu- 
ally, in  case  of  very  high  diaphragmatic  dome,  the  eighth  and  ninth)  are 


exposed,  and  then  retracted  laterally  with  broad  retractors.  Subperiosteal 
resection  of  at  least  2i  or  3  inches  of  the  ninth  and  tenth  (eighth  and  ninth) 
ribs.  Cautious  incision,  on  a  grooved  director  slipped  underneath,  of  the 
posterior  costal  periosteum  for  the  whole  length  of  the  gap  between  the 
two  rib  ends  and  separation  of  the  intercostal  soft  parts  from  the  endo- 
thoracic  fascia,  so  that  a  Deackamp  needle  can  carry  a  ligature  around 
them  on  each  side.  Excision  of  the  portion  of  intercostal  muscle  lying 
between  the  two  ligatures.  This  method  safely  avoids  hemorrhages. 
Suture  of  the  costal  pleura,  together  with  the  endothoracic  fascia  and 
the  edge  of  the  posterior  periosteum  {not  represented  in  the  illustra- 
tions) to  the  diaphragmatic  pleura  by  means  of  a  quilted  back-stitch 
suture  (see  Fig.  268,  on  page  258)  performed  with  round,  strongly  curved 
needles  and  catgut  (see  Fig.  422) ,  This  suture  is  begun  near  the  lower 
edge  of  the  wound  where  both  pleural  layers  are  more  safely  applied 
againsteach  other,  and  is  carried  progressively  all  around.  It  attaches  the 
diaphragm  externally  to  the  pleural  space,  and  shuts  off  the  latter  from  the 
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operative  wound.  The  endothoracic  fascia  and  the  costal  pleura  are  pru- 
dently incised.  Should  some  air  still  be  heard  hissing  in,  an  assistant 
presses  firmly  the  soft  parts  above  the  resected  ribs  against  the  dia- 
phragm, and  a  few  more  fine  silk  stitches  make  the  closure  of  the  pleura 
air-tight  When  the  pleural  cavity  is  safely  excluded,  we  make  still 
another  puncture  to  ascertain  the  presence  and  depth  of  the  pus;  then  we 
incise  the  diaphragmatic  pleura,  the  (here  thin)  muscular  body  of  the  dia- 
phragm, and  the  peritoneum  (Fig.  423).  In  acute  suppurations,  the 
different  layers  are  hard  to  distinguish  from  one  another  on  account  of 
inflammatory  swelling,  and  it  is  best  to  proceed  onward  in  the  depth 
bluntly  with  the  tip  of  a  closed  dressing  forceps  or  a  grooved  director. 
If  the  peritoneum  lining  the  diaphragm  is  not  adherent  to  the  peritoneum 
of  the  liver,  in  case  of  abscesses  of  the  liver,  the  free  peritoneal  cavity, 
before  the  abscess  is  opened,  will  either  be  walled-off  all  around  by 
iodoform  gauze  packing,  or  both  peritoneal  layers  must  be  stitched 
together  by  a  continuous  or  interrupted  silk  suture  performed  with  round 
•needles. 

The  following  technique  is  simpler  and  quicker  of  execution:  Incision 
on  the  rib  at  the  level  of  which  tapping  has  established  the  existence  of 
an  abscess.  Subperiosteal  resection  of  said  rib  (generally  the  eighth, 
ninth,  or  tenth)  for  a  length  of  4  or  5  inches.  Careful  incision  of  the  pos- 
terior costal  periosteum,  of  the  endothoracic  fascia  and  of  the  parietal 
pleura.  When  air  begins  to  rush  in,  press  the  intercostal  soft  parts  and 
the  thoracic  wall  above  the  incision,  against  the  diaphragmatic  cupola, 
grasp  the  diaphragm  with  two  American  bullet  forceps,  draw  it  out,  and 
stitch  it  to  the  intercostal  soft  parts,  first  above,  then  laterally  and  below, 
but  in  such  a  way  as  to  leave  enough  room  for  the  incision  in  the  muscle. 
The  stitches  must  take  on  the  diaphragm  only  the  serous  lining  and  the 
superficial  muscular  layer,  so  that  the  pleura  should  not  be  infected  by 
premature  opening  of  the  subphrenic  pus  cavity.  When  the  costo-dia- 
phragmatic  sinus  is  obliterated  by  inflammatory  adhesions,  the  solidity 
of  which  we  probe  with  the  finger  insinuated  between  the  two  pleural 
layers,  all  these  manipulations  are  naturally  not  needed.  In  such  a  case 
we  incise  at  once  the  diaphragm  and  suture  the  upper  lip  of  the  muscular 
incision  to  the  external  skin.  Drain  with  a  thick  drainage-tube  and 
iodoform  gauze  wicka. 


IX.  Surgery  of  the  Abdomen 

(A)  Surgery  of  the  Abdominal  Walls 

(a)  Anatomy 

The  part  of  the  abdominal  wall  formed  exclusively  by  soft  structures 
is  limited:  behind,  by  a  line  drawn  vertically  downward  from  the  tip  of 
the  last  rib;  above,  by  the  costal  arch  and  the  ensiform  process;  below,  by 
the  iliac  crests,  the  inguinal  ligaments,  and  the  symphysis  pubis. 

The  abdominal  wall  is  composed  of  three  layers: 

1.  The  superficial,  consisting  of  the  skin,  the  subcutaneous  tissue,  and 
the  superficial  fascia. 

2.  The  middle,  formed  by  the  union  of  three  flat  muscles:  external 
oblique,  internal  oblique,  and  transverse,  with  two  long  muscles:  the 
recti. 

3.  The  deep,  represented  by  the  fascia  transversalis  and  the  perito- 
neum. 

The  middle  layer  is  the  one  that  gives  the  abdomen  its  relief  and 
firmness. 

The  relief  of  the  abdomen  is  accentuated  only  when  the  muscles  are 
powerful  and  the  adipose  layer  moderately  thick.  In  obese  persons  and 
in  women,  especially  in  multiparas,  it  is  lacking  altbgether.  When  the 
relief  is  marked,  we  see  first  a  number  of  furrows  arranged  longitudi- 
nally, transversely,  or  obliquely,  between  which  bulge  several  areas 
corresponding  to  muscular  bellies.  Some  of  these  furrows  have  a  great 
importance  from  the  standpoint  of  topographical  anatomy.  In  the  mid- 
line, we  note  a  furrow  going  from  the  tip  of  the  ensiform  process  to  the 
symphysis.  It  corresponds  to  the  linea  alba  of  the  middle  abdominal 
layer.  It  is  plainly  visible  below  the  umbilical  depression  which  marks 
about  exactly  its  middle;  above  it  is  only  faintly  indicated.  On  each 
side  is  a  bulging  caused  by  the  muscular  bellies  of  the  recti  crossed  by 
several  tendinous  intersections.  The  latter  are  shown  generally  on  the 
surface  by  two  or  three  transversal  furrows.  Lateral  to  the  recti  we  see 
the  furrows  corresponding  to  Spigel's  line.  These  converge  slightly 
downward,  and  show  the  place  where  the  aponeuroses  of  the  flat  abdomi- 
nal muscles  divide  to  form  the  anterior  and  posterior  leaves  of  the  sheath 
of  the  recti.  In  stout  patients  and  in  women,  the  linea  alba  is  deter- 
mined by  a  line  drawn  from  the  tip  of  the  ensiform  process  through  the 
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navel  to  the  middle  of  the  symphysis;  Spigel's  line,  by  a  line  drawn 
vertically  upward  through  the  middle  of  the  ilio-inguinal  ligament,  or  a 
point  about  exactly  midway  between  the  navel  and  the  antero-superior 
iliac  spine. 

The  natural  direction  of  incision  of  the  skin  of  the  abdomen  (that 
is,  the  direction  in  which,  according  to  Langer,  said  skin  may  be  divided 
without  causing  a  wide  gaping  of  the  wound,  so  that  the  edges  apply  to 
a  certain  extent  spontaneously  against  one  another,  and  there  remains 
later  only  a  fine  linear  scar)  is  in  the  upper  abdomen,  almost  horizontal, 
only  slightly  obliquely  ascending  inward  and  forward,  while  in  the  lower 
quadrants  it  descends  obliquely  inward  and  forward,  and  in  the  median 
line  is  absolutely  vertical.  The  thickness  of  the  subcutaneous  adipose 
tissue  varies  according  to  individuals.  In  case  of  marked  corpulence,  it 
is  distinctly  disposed  in  layers  separated  by  fine  fascial  septa,  which  we 
must  not  mistake  for  the  superficial  abdominal  fascia.  The  latter  is 
part  of  the  general  fascia  of  the  body.  It  has  intimate  connections  with 
the  subcutaneous  fat  through  bundles  of  connective  tissue,  and  slides 
easily  together  with  the  latter  over  the  middle  abdominal  layer.  The 
bloodvessels  of  the  superficial  layer  of  the  abdominal  walls  run  chiefly  in 
the  subcutaneous  tissue;  that  is,  rather  close  to  the  skin  and  over  the 
superficial  fascia.  They  acquire  a  large  volume  only  in  cases  of  stasis  in 
the  inferior  vena  cava  and  in  the  portal  system. 

Middle  Layer. — Muscles  of  the  Abdomen  (Fig.  424). — The  external 
oblique  of  the  abdomen  arises  from  the  external  surface  of  the  eight  last 
ribs  by  as  many  digitations  which  appear  above  between  those  of  the 
serratus  anticus  and  the  costal  insertions  of  the  latissimus  dorsi.  The 
posterior  fascicles  run  almost  vertically  down  to  the  external  lip  of 
the  iliac  crest;  the  anterior,  which  constitute  the  major  part  of  the  mus- 
cle, run  obliquely  downward,  forward,  and  inward,  and  become  soon 
aponeurotic  at  a  certain  distance  from  the  edge  of  the  rectus,  part  of  the 
anterior  sheath  of  which  they  form.  The  lowest  fibres  of  the  aponeurosis 
thicken  into  the  ilio-inguinal  ligament.  The  fibres  passing  from  the 
latter  to  the  horizontal  ramus  of  the  pubis  form  a  triangular  structure, 
filling  the  innermost  angle  between  the  inguinal  ligament  and  the  pubis, 
and  are  called  Gimbemat's  ligament.  The  latter  is  the  medial  limit  of 
the  femoral  ring.  The  inguinal  ligament  and  the  lowest  fibres  of  the 
aponeurosis  of  the  external  oblique  are  inserted  into  the  spine  of  the 
pubis;  the  next  above,  into  the  anterior  surface  of  the  pubis,  nearer 
the  midline.  Between  these  two  groups  is  the  external  inguinal  ring,  the 
upper  and  lower  limits  of  which  are  named  respectively  upper  and  lower 
pillars.  The  lancet-shaped  interstice  left  between  these  tapers  at  both 
extremities,  namely,  outward  and  upward,  and  inward  and  downward- 
Through  it  passes  the  spermatic  cord,  or,  in  women,  the  round  ligament. 
It  is  also  the  point  of  emergence  of  inguinal  hemiae.  external  (indirect) 
or  internal  (direct).  Its  upper  and  external  extremity  is  narrowed  by 
the  intercrural  fibres,  its  lower  and  internal  by  Ck)Iles'  ligament.    The 
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intercrural  fibres  appear  as  tendinous,  shining;  streaks  extending,  the 

upper  horizontally,  the  lower  along  a  curve  convex  upward,  from  the 

upper  pillar  to  the  lower.     They 

limit  externally  the  inguinal  ring, 

and  make  it  easily  recognizable. 

Collea'  ligament  extends  medially 

of  the  upper  pillar  to  the  dorsal 

part  of  the    lower.      It    forms  a 

sharp-edged  band  placed  in  a  frontal 

directipn,    which    becomes  visible 

only  after  tlie  spermatic  cord  has 

been  removed. 

The  internal  oblique  of  the 
abdmnen  arises  from  the  lumbo- 
dorsal  fascia  (deep  layer),  from  the 
iliac  crest,  and  the  outer  two-thirds 
of  the  inguinal  ligament.  The  pos- 
terior fibres  are  obliquely  ascend- 
ing, the  middle  (i.e..  those  about 
on  a  level  with  the  antero-superior 
ihae  spine),  horizontal,  the  lowest, 
obliquely  descending  forward  and 
inward.  As  a  consequence,  this 
muscle  presents  a  characteristic 
fanlike  disposition.  While  the  pos- 
terior fibres  cross  those  of  the 
external  oblique  almost  at  right 
angles,  those  situated  more  anteri- 
orly progressively  assume  the  same 
direction  as  the  fibres  of  the  latter 
muscle,  and  just  above  the  inguinal 
ligament  both  muscles  run  parallel. 
Part  of  the  internal  oblique  is  in- 
serted into  the  last  three  ribs.  The 
remainder  becomes  aponeurotic 
along  the  border  of  the  rectus.  The 
aponeurotic  fibres  keep  the  direc- 
tion of  the  original  muscular  fibres 
to  the  midline.  Along  the  border 
of  the  rectus,  the  aponeurosis  splits 
into  two  layers,  an  anterior  and  a 
posterior.  The  anterior  reinforces 
the  anterior  layer  of  the  sheath  of 
the  rectus   for    its  whole  length, 

while  the  posterior  ends  a  little  above  the  middle  of  the  distance  be- 
tween the  navel  and  the  symphysis.    Its  lower  edge  forms  a  line  concave 
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downward,  Douglas'  semicircular  line.  Both  layers  blend  again  in  the 
linea  alba.  The  lowest  fibres  of  the  internal  oblique  descend  with  the 
spermatic  cord  to  the  testicle  (cremaster),  or,  in  women,  with  the  round 
ligament  to  the  labium  majus.  Below  the  navel  the  internal  oblique 
(see  Fig.  424,  A  and  B,  A  being  a  cross-section  of  the  abdominal  wall 
above  the  umbilicus  in  (A),  B,  a  cross-section  below  Douglas'  line  in  (B) 
comes  nearer  the  edge  of  the  rectus  than  the  transversus.  Above  the 
navel  the  reverse  happens. 

The  transverse  of  the  abdomen  arises  from  the  internal  aspect  of  the 
last  six  ribs,  from  the  under  surface  of  the  lumbo-dorsal  fascia,  from  the 
internal  lip  of  the  iliac  crest,  and  from  the  outer  half  of  the  inguinal 
ligament.  The  direction  of  its  fibres  is  mainly  horizontal.  The  lowest 
only  are  obliquely  descending,  and  run  almost  parallel  with  the  inguinal 
ligament.  The  passage  of  the  muscular  fibres  into  the  aponeurosis  is 
effected  along  a  semilunar  line,  convex  outward,  extending  from  the 
base  of  the  ensiform  process  to  the  middle  of  the  inguinal  ligament. 
The  fibres  of  the  transverse  reach  in  some  points  the  posterior  surface  of 
the  rectus  (see  Fig.  424,  upper  drawing).  Together  with  their  aponeu- 
rosis they  strengthen  the  posterior  leaf  of  the  sheath  of  the  rectus  down 
to  Douglas'  semicircular  line;  thence  downward,  they  reinforce  the 
anterior  layer  of  the  same  sheath. 

The  six  lower  intercostal,  the  ilio-hypogastric,  and  the  ilio-inguinal 
nerves  which  supply  the  three  flat  abdominal  muscles  and  the  rectus  run 
obliquely  downward  between  the  transverse  and  the  internal  oblique. 

The  rectus  abdominis  muscle  arises  from  the  anterior  surface  of  the 
fifth,  sixth,  and  seventh  costal  cartilages  and  the  ensiform  process, 
descends  vertically,  and  tapers  slightly  to  become  inserted  into  the  pubis 
between  the  symphysis  and  the  spine  by  a  powerful  short  terminal  ten- 
don. Two  of  the  tendinous  intersections  of  this  muscle  are  generally 
situated  above,  and  one  just  below,  the  navel.  Under  normal  circum- 
stances both  muscles  are  from  J  to  i  inch  distant  from  each  other  above 
the  navel,  and  from  i  to  i  inch  at  the  level  of  the  latter.  Below,  the 
two  muscular  bellies  are  very  close  to  each  other,  and  consequently  the 
linea  alba  is  very  narrow.  It  forms  here  a  tendinous  septum,  directed 
sagittally.  The  nerves  which  animate  the  muscle  (fifth  to  twelfth  inter- 
costal nerves)  run  within  the  tendinous  intersections,  which,  therefore, 
must  be  spared  as  much  as  possible  when  we  have  to  cut  across  the  mus- 
cle. The  broad  pyramidal  muscle  which  arises  on  each  side  from  the 
pubes,  and  not  unfrequently  is  missing,  lies  between  the  superficial  layer 
of  the  sheath  of  the  rectus  (formed  by  the  external  oblique)  and  the 
deeper  (formed  by  the. internal  oblique)  and  is  inserted  into  the  linea  alba 
up  to  about  the  middle  of  the  distance  between  the  navel  and  symphysis. 

The  deep  layer  of  the  abdominal  wall  comprises  the  fascia  transversa- 
lis  and  the  peritoneum.  Between  both  lies  some  fat,  generally  scanty, 
and  some  loose  connective  tissue,  the  whole  forming  the  so-called  sub- 
peritoneal fat. 
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The  fascia  tranMveraalia  lines  the  transverse  muscle  and  the  posterior 
layer  of  the  sheath  of  the  rectus,  and  also  the  quadratus  lumborum. 
Above,  it  passes  over  the  abdominal  surface  of  the  diaphragm.  Below,  it 
blends  with  the  inguinal  ligament,  the  crest  of  the  iliac  bone,  and  the 
part  of  the  iliac  fkscia  covering  the  iliopsoas  muscle.  It  forms  the 
internal  inguinal  ring,  and  sends  an  expansion  through  the  inguinal 
canal  to  the  testicle.  This  expansion  is  the  tunica  vaginalis  communis 
of  the  latter.  In  hernial  sacs,  it  constitutes  the  essential  part  of  the 
so-called  fascia  propria  (Cowperi). 

(b)  Preparation  for  Abdominal  Operations.    Laparotomy  Incisions. 

Suture  of  the  Abdomen 

As  operations  on  the  abdominal  walls  entail  not  infrequently  an  open- 
ing of  the  abdominal  cavity  itself,  a  description  of  the  preparation  for  a 
laparotomy — that  is,  for  a  deliberate  opening  of  the  peritoneal  cavity 
— is  not  out  of  place  when  speaking  of  the  surgery  of  the  abdominal 
walls. 

Preparation  of  Patients. — All  patients  who  are  to  be  operated  on  in 
the  abdomen  require  a  preparation  which  in  fact  coincides  in  its  essen- 
tials with  the  ordinary  routine  preparation,  but  demands  quite  a  special 
care.  The  tension  of  the  abdominal  parietes,  the  respiratory  movements, 
the  repletion  of  the  gastro-intestinal  tract  and  of  the  bladder;  the  inti- 
mate relations  existing  between  the  abdominal  cavity  and  breathing  and 
the  heart  function ;  the  great  number  of  organs  contained  within  the 
abdominal  cavity,  and  whose  access  is  difficult,  partly  on  account  of  their 
normal  situation,  partly  also  owing  to  pathological  processes;  the  dangers 
of  imperfect  asepsis  due  to  an  opening  of  the  alimentary  tract;  all  this, 
and  still  many  other  factors,  create  difficulties  which  one  learns  to  over- 
come little  by  little  by  thoroughly  working  out  the  details  of  technique. 
Technique  in  laparotomies  has  nowadays  reached  such  a  perfection  that 
we  rightly  hold  for  relatively  harmless  operations,  which,  a  few  years 
ago,  ranked  among  those  dangerous  to  life.  Laying  so  much  stress  on 
method  and  technique  may  seem  superfluous  to  the  trained  surgeon,  who 
may  deviate  from  the  trodden  path  on  many  an  occasion ;  but  for  the 
unexperienced  and  little  trained  beginner,  strict  compliance  with  the 
technical  rules,  as  set  forth  a  little  farther  on,  is  emphatically  urged. 
The  scope  of  these  rules  must  of  course  be  limited  to  usual  things.  They 
cannot  detail  every  minor  improvement  in  the  technique  and  every  diffi- 
culty that  may  arise.  They  simply  consider  ordinary  conditions  as  found 
in  most  cases.  Only  by  carefully  setting  indications  and  by  making  a 
searching  retrospective  analysis  of  his  successful  cases,  will  the  surgeon, 
especially  he  of  limited  experience,  protect  himself  against  surprises. 
The  trend  of  thought  familiar  to  many  operators,  namely,  to  view  laparot- 
omy now  as  a  harmless  procedure,  and  therefore  to  admit  that  we  can 
emancipate  ourselves  from  accuracy  in  diagnosis  and  in  the  study  of 
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indications  must  be  unreservedly  condemned,  as  the  best  way  to  cure  the 
patient  is  not  a  thing  likely  to  flash  through  anybody's  brain  at  any 
given  Moment.  Therefore  a  good  diagnosis  and  study  of  indications 
must  be  the  foundation  of  every  plan  of  operation.  Again,  the  more 
carefully  this  plan  has  been  laid,  the  easier  to  overcome  will  be  technical 
difficulties.  I  say  this  in  order  to  protect  myself  explicitly  against  the 
reproach  of  considering  technique  as  the  essential  thing  for  a  surgeon; 
on  the  contrary,  I  hold  making  a  sure  diagnosis  and  laying  proper  indi- 
cations to  be  the  most  important  and  difficult  task  of  surgeons. 

Besides  the  rules  valid  for  all  operations  (as  set  forth  in  Chapters  I 
and  II  of  this  book),  the  following  must  be  complied  with  in  abdominal 
operations.  Whenever  possible,  every  laparotomy  patient  is  thoroughly 
purged  two  or  three  days  before  the  operation.  The  most  innocuous 
drug  is  castor  oil  in  the  dose  of  one  or  two  tablespoonfuls  every  morning 
for  two  consecutive  days.  The  evening  before  the  operation,  the  patient 
is  given  an  enema  of  about  a  quart  of  water  with  a  tablespoonful  of 
glycerin,  which  enema  must  be  thoroughly  voided.  He  then  takes  a  full 
bath.  The  abdomen  is  carefully  shaved  up  to  the  nipple  and  down  to  the 
middle  of  the  thighs,  and  covered  overnight  with  a  1  to  4,000  sublimate 
solution  dressing.  In  those  cases  in  which  the  bulk  of  the  abdominal 
contents  has  been  decreased  for  some  time  (for  instance,  in  operations 
for  large  ruptures  which  may  contain  the  major  part  of  the  abdominal 
organs),  this  cleaning  process  must  be  kept  on  till  the  bowels  are  quite 
clean;  that  is,  until  a  cathartic  or  an  enema  does  not  bring  out  any  more 
lumps  of  fecal  matter.  Sometimes  this  may  take  weeks.  Graser  recom- 
mends also  in  such  cases  to  lay  over  the  abdomen  for  days  or  for  weeks  a 
large  and  heavy  sandbag  so  as  to  prepare  progressively  by  this  surcharge 
the  abdominal  space  for  the  reduction  of  the  intestines  contained  in  the 
hernial  sac.  In  obese  patients,  a  course  of  energetic  massage  treatment, 
carried  on  for  several  weeks,  is  also  very  beneficial.  The  diet  during  the 
last  few  days  must  be  chiefly  fluid,  but  invigorating.  All  indigestible 
things  and  all  food  leaving  much  residue  must  be  avoided.  To  curb  the 
development  of  intestinal  gases,  we  may  give  1  gm.  bismuth  subnitrate 
the  evening  before  operation.  It  is  very  highly  desirable  for  any  lapa- 
rotomy that  the  stomach  should  be  completely  empty.  Eventually  this 
must  be  effected  by  washing  the  stomach,  the  irrigation  fluid  being  thor- 
oughly drained  away.  But  we  must  be  very  cautious  about  this  procedure 
in  enfeebled  individuals,  as  irrigation  of  the  stomach,  if  not  carried  out 
very  prudently,  may  provoke  symptoms  of  collapse.  The  introduction  of 
the  tube  also  easily  causes  retching  and  some  vomit  may  be  aspirated. 
The  apparatus  devised  by  Kausch,  to  close  the  cardia  by  means  of  an 
inflatable  bag,  in  the  cases  in  which  the  stomach  is  full  or  constantly  fills 
up  again  through  regurgitation  from  the  intestines,  and  to  provide  at  the 
same  time  a  free  escape  outside  for  the  gastric  contents,  does  not  seem, 
so  far  as  I  can  judge,  to  have  met  with  much  favor.  We  used  it  a  few 
times  and   then  discarded  it.     Kuhn's  transbuccal  intubation  method 
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wards  off  safely  the  danger  of  aspiration  during  operations  performed 
while  the  stomach  is  full. 

Before  every  laparotomy  the  bladder  must  be  emptied,  either  spon- 
taneously or  by  catheterism. 

In  diseases  of  the  respiratory  organs,  especially  recent  bronchitis, 
which  still  increases  the  danger  of  post-operative  pneumonia,  already 
always  great  in  case  of  laparotomy,  operation  should  be  postponed  until 
the  condition  is  cured. 

The  disinfection  of  the  abdominal  surface  from  the  nipple  down  to 
the  middle  of  the  thighs  is  effected  in  the  manner  described  on  page  8. 
In  the  last  years,  after  a  very  careful  limitation  of  the  operative  field 
with  sterile  towels  fastened  by  clothes-pins  (Fig.  267,  page  256)  we  swab 
vigorously  the  skin  with  tincture  of  iodin  and  swab  once  more  with  the 
same  substance  the  line  of  sutures,  once  the  operation  is  ended. 

Position  of  the  Patient. — We  use  Stelzner's  operation  table,  which 
enables  us  to  place  easily  the  patient  in  any  desired  position:  horizontal, 
inverted  with  head  down  and  pelvis  high,  or  lithotomy,  or  lateral.  As 
supplementary  appliances  easy  to  adjust  on  the  table,  we  use  Krause's 
shoulder-rests ;  Koenig's  movable  bench,  which  can  find  a  wide  range  of 
usefulness,  and  takes  the  place  of  rolled  cushions ;  Credi's  new  improved 
handcuff  clasps  and  leg-holders  with  ball  and  socket  joint.  I  concede 
that  there  are  also  other  excellent  operating  tables,  de  Quervain's;  for 
instance;  but  Stelzner's  meets  all  our  desiderata.  We  do  not  use  a 
specially  heated  table,  with  plates  kept  always  at  an  even  temperature  by 
a  current  of  warm  water.  We  protect  the  patient  against  chilling  by 
operating  in  a  well-heated  room  (20-22°  C),  covering  the  legs  and  chest 
with  warm  flannels,  and  chiefly  by  uncovering  the  body  as  little  as  pos- 
sible. Placing  the  patient  on  water-pads  has  various  objectionable 
features,  but  is  a  very  effective  protection  against  cold.  Lamps  placed 
directly  under  the  operating-table  to  warm  the  latter  are  dangerous, 
because  they  may  burn  the  patient  quite  severely. 

Patients  whose  tissues  are  dehydrated  consecutively  to  losses  of  fluids 
receive  before  the  operation  a  subcutaneous  injection  of  about  one 
quart  of  salt  solution.  Some  authors  recommend  in  such  cases  to  insert 
already  prior  to  the  operation  a  needle  into  the  median  basilic  vein,  so  as 
to  be  ready  at  any  moment  to  give  an  intravenous  infusion  of  saline 
solution. 

The  mode  of  anesthesia  in  operations  on  the  abdominal  walls  and 
within  the  abdominal  cavity  varies  considerably.  However,  we  may  say, 
as  a  rule,  that  all  abdominal  operations  requiring  complete  relaxation  of 
the  abdominal  muscles,  or  in  which  strong  pulling  will  be  exerted  on 
intra-abdominal  organs,  particularly  the  mesentery,  or  in  which  the 
abdomen  must  be  widely  opened,  call  for  general  anesthesia.  Hernia 
operations,  gastrostomy,  and  gastro-enterostomy,  intestinal  fistulas,  and 
enterostomy  can  be  very  well  performed  under  local  anesthesia;  and 
operations  on  the  lower  abdomen   also  under  lumbar  anesthesia.     All 
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patients  above  sixteen  years  of  age  receive  before  the  operation  a  dose  of 
morphin  (see  page  29).  Very  good  also  is  the  administration  of  scopola- 
min-morphin  or  RiedeVs  scopomorphin.  Each  package  is  accompanied 
by  a  leaflet  giving  exact  dosage.  This  preliminary  injection  is  followed 
by  ether  anesthesia,  and  a  few  drops  of  chloroform  are  added  only  when 
I)erfect  relaxation  is  absolutely  impossible  to  obtain  with  ether  alone. 

As  regards  the  use  of  gloves,  I  refer  to  what  is  said  on  pages  6  and  7. 
I  use  rubber  gloves  only  to  open  abscesses,  and  when  the  intestinal  tract 
is  opened  and  the  contents  may  soil  the  fingers;  that  is,  I  use  gloves 
mainly  to  keep  the  fingers  clean.  If  we  want  to  wear  rubber  gloves 
I)ermanently,  we  must  of  course  change  them  after  the  septic  stages  of  an 
operation. 

In  operations  on  and  within  the  abdomen,  we  practically  never  use 
antiseptics.  During  the  operation,  the  hands  are  frequently  rinsed  in 
sterile  water  to  remove  the  blood,  next  in  sublimate  or  sublamin  solution, 
and  dried,  Mopping  intestinal  parts,  soiled  by  leakage  of  fecal  matter, 
with  1  or  2%  lysol  or  lusoform  solutions  can  do  no  harm,  and  is  frequently 
employed.  I  have  no  personal  experience  of  the  free  use  of  Credits 
collargol  solution  with  which  Cred6  washes  all  organs  that  have  been 
drawn  outside  of  the  abdomen.  Cred6  and  his  assistants  tell  me  that 
they  have  never  seen  any  inconvenience  of  the  liberal  use  of  collargol  in 
the  abdominal  cavity,  but  that,  on  the  contrary,  since  they  began  using 
it,  they  obtain  far  better  curative  results  in  already  existing  inflanuna- 
tory  conditions. 

Choice  of  the  Direction  of  Incision. — For  the  direction  of  incision, 
we  have  to  take  into  account  the  seat  and  extent  of  the  lesions  in  con- 
junction with  a  careful  consideration  of  the  anatomical  features  of  the 
abdominal  wall,  as  set  forth  previously.  Serious  damage  to  the  latter 
cannot  always  be  avoided,  especially  in  case  of  malignant  newgrovrths 
of  the  abdominal  parietes  themselves.  Under  all  circumstances,  we  must 
take  care  not  to  sever  the  nerves  supplying  the  abdominal  muscles;  sepa- 
rating bluntly  the  fibres  of  the  latter  parallel  with  their  own  direction,  or 
dividing  them  transversely  and  suturing  carefully  subsequently,  does  not 
cause  any  important  damage.  The  aponeuroses  which  are  so  essential 
for  the  solidity  of  the  abdomen  must  be  repaired  with  the  utmost  pre- 
cision, as  will  be  taught  later.  The  incision  must  be  neither  too  short 
nor  too  long.  This  rule  is  not  as  trite  as  it  may  perhaps  seem  to  many, 
because  the  length  of  incision  is  not  governed  only  by  the  nature  of  the 
disease,  but  depends  also  on  the  skill  and  experience  of  the  surgeon. 
The  beginner  needs  more  room  to  be  able  to  get  easily  his  bearings.  Be- 
sides, the  incision  must  allow  the  abdomen  to  be  restored  to  its  original 
shape,  to  avoid  the  development  of  post-operative  hemiae.  The  incision 
simplest  under  all  circumstances,  and  which  injures  neither  large  blood- 
vessels, nor  nerves,  nor  muscles,  is  the  median  incision  in  the  linea  alba, 
which  is  essentially  a  raph6  formed  by  the  crossing  of  the  tendinous 
fibres  of  the  broad  abdominal  muscles,  with  only  a  normally  very  nar- 
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row  interruption  in  its  continuity,  namely,  the  navel.  A  median  inci- 
sion must  never  go  higher  than  the  tip  of  the  ensiform  process,  and 
particularly  must  not  ascend  along  the  side  of  the  latter,  as  otherwise  in 
case  of  deeply  situated  diaphragm  we  might  inadvertently  fall  into  the 
pleura.  An  advantage  of  the  median  incision  is  that  we  can  lengthen  it 
upward  and  downward,  and  by  so  doing,  gain  access,  in  case  of  neces- 
sity, to  all  regions  of  the  abdominal  cavity.  Therefore,  we  resort  to  a 
median  incision  not  only  in  those  cases  where  it  leads  most  directly  on 
the  lesion,  but  also  when  the  diagnosis  remains  doubtful.  The  median 
incision  circles  the  navel  always  on  the  left  side,  so  as  to  avoid  injuring 
the  ligamentum  teres,  which  often  contains  still  a  bloodvessel  of  respect- 
able calibre.  We  do  not  consider  as  necessary  excision  of  the  navel, 
as  practised  for  instance  by  v.  Mikulicz  on  account  of  the  difficulty  there 
is  to  disinfect  the  umbilical  skin.  We  reach  the  same  end  by  a  thorough 
swabbing  with  tincture  of  iodin. 

Technique  of  Median  Incisions. — The  surgeon  stands  to  the  right 
side  of  the  patient.  The  skin  is  incised  exactly  in  the  midline,  which 
can  be  represented  mentally  by  a  line  drawn  from  the  tip  of  the  ensiform 
process  through  the  navel  and  down  to  the  symphysis.  In  case  the 
abdomen  is  flabby,  stretch  the  skin  between  the  thumb  and  forefinger  of 
the  left  hand.  Whenever  possible,  the  skin  incision  must  be  carried  at 
once  down  onto  the  linea  alba,  but  when  the  abdomen  is  strongly  distended 
(peritonitis,  ileus)  take  care  not  to  be  too  rash  while  making  said  skin 
incision.  Bleeding  vessels,  which  lie  chiefly  close  under  the  cutis,  are 
immediately  clamped  and  ligated.  Together  with  the  skin,  the  super- 
ficial fascia  is  divided  at  once,  and  with  a  dry  compress,  pushed  away  a 
little  toward  each  side,  so  as  to  allow  a  free  view  of  the  linea  alba. 
Next,  gauze  pads  are  fastened  over  the  skin  on  each  side  by  means  of 
clothes-pin  clamps,  so  as  to  shut  off  the  edges  from  the  operative  field.  The 
skin  is  retracted  laterally  with  four-  or  six-pronged  sharp  hooks,  and  the 
linea  alba  is  divided  between  two  mouse-tooth  forceps,  down  onto  the 
fascia  transversalis  which  is  more  marked  in  the  region  of  the  navel  and 
adheres  all  around  to  the  latter.  When  the  abdomen  is  strongly  dis- 
tended, this  step  of  the  operation  demands  great  caution.  Eventually,  we 
may  first  open  the  linea  alba  for  a  short  length,  and  continue  the  division 
on  a  Kocher  grooved  dissector,  as  otherwise  the  edge  of  the  knife  might 
easily  injure  the  organs  crowded  against  the  wall  by  the  internal  pressure. 
Between  the  fascia  transversalis  and  the  peritoneum  there  is  more  or  less 
fatty  tissue,  often  containing  a  few  transversal  bloodvessels  which  are 
doubly  clamped,  severed,  and  ligated.  In  this  typical  median  incision, 
the  sheath  of  the  rectus  ought  never  to  be  opened.  Above  the  navel, 
where  the  linea  alba  is  wide,  this  is  easy  to  attain,  but  it  is  hard  to  do 
the  same  below,  where  the  line  is  very  narrow.  The  peritoneum  is  very 
cautiously  opened  in  a  point  between  two  anatomical  forceps,  and  fas- 
tened immediately  on  each  side  of  the  small  slit,  together  with  the 
fascia  transversalis,  by  means  of  Mikulicz  peritoneal  clamps  (Fig.  425). 
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Further  division  of  the  peritoneum  is  carried  out  either  between  the 
blades  of  an  anatomical  thumb  forceps,  or  over  the  index  or  middle  fin- 
gers of  the  left  or  right  hand  introduced  into  the  peritoneal  cavity,  ac- 
cording to  the  direction  in  which  we  want  to  cut,  either 
toward  the  head  or  the  feet.  Both  lips  of  the  peri- 
toneal incision  are  taken  at  regular  intervals  of  IJ 
inches  in  peritoneal  clamps.  The  issue  of  intestines  is 
prevented  by  the  use  of  a  broad  compress  or  towel  (see 
later,  chapter  on  Laparotomy) .  If  we  want  to  operate 
within  the  abdomen,  we  lift  up  vertically  all  the  peri- 
toneal clamps  together,  lay  on  each  side  a  gauze  pad 
between  the  abdominal  incision  and  the  clamps,  and  let 
the  latter  fall  in  radiating  directions  over  the  abdom- 
inal wall.  By  their  weight  they  pull  outward  the  peri- 
toneum and  fascia  transversalis  so  that  these  form  a 
sort  of  funnel,  and  the  abdominal  cavity  is  completely 
isolated  from  the  rest  of  the  wound. 

Closure  of  Median  Abdominal  Incisions. — Small 
openings  in  the  peritoneum  can  perfectly  be  closed 
with  a  catgut  or  silk  purse-string  suture,  taking  cir- 
cularly the  fascia  transversalis  and  peritoneum.  In 
larger  peritoneal  incisions,  we  use  continuous  catgut  sutures,  including 
also  both  fascia  transversalis  and  peritoneum.  The  intestines  pressing 
against  the  point  of  the  needle  are  held  back  by  means  of  a  spatula,  for 
instance  Silbermark's  abdominal  spatula  (Fig.  426).  While  placing  the 
suture,  we  pull  the  peritoneum  forward  by  means  of  the  clamps,  and 
thus  we  can  apply  together  a  certain  surface  of  both  edges.  It  is, 
indeed,  a  rule  without  exception  to 
evert  the  peritoneum  in  such  a  way 
as  to  apply  against  each  other  a 
wide  strip  along  each  edge,  and  to 
leave  no  gap  whatever  toward  the 
abdominal  side.  Such  broad  peri- 
toneal surfaces  adhere  strongly  to 
each  other  within  a  few  hours, 
and  effect  a  closure  of  the  ab- 
domen impervious  to  air.  liquids,  and  bacteria.  If  gaps  are  left  in 
the  peritoneal  suture,  adhesions  occur  between  the  surface  of  the 
wound  and  intraabdominal  organs,  particularly  the  omentum  and  the 
gastro-intestinal  tract.  These  adhesions  are  generally  permanent,  and 
may  develop  into  bands  or  cause  kinking.  On  the  contrary,  the  fine 
adhesions  that  are  not  infrequently  found  early  between  the  parietal  and 
the  visceral  peritoneum  in  the  vicinity  of  the  line  of  suture,  loosen 
completely  in  the  course  of  time.  But  it  is  an  unvarying  rule  never  to 
leave  behind  raw  surfaces  not  lined  with  peritoneum  when  it  is  possi- 
ble to  avoid  it.    Once  the  peritoneal  cavity  is  closed,  the  linea  alba  is 
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repaired  by  a  buried,  interrupted  silk  suture,  leaving  no  gap.  To  this 
effect  we  use  resistant  thin  silk,  folded  double  or  fourfold,  preferably  to 
thick  silk.  While  the  knots  are  being  tied,  the  edges  are  approximated 
by  means  of  the  still  hanging  peritoneal  clamps  or  of  mouse-tooth  for- 
ceps, and  not  simply  brought  together  by  pulling  on  the  ends  of  the 
threads,  as  when  there  is  tension,  even  thick  silk  easily  tears  the  tissues. 
The  fascia  and  the  skin  are  sutured  separately  with  a  few  interrupted 
silk  stitches,  reaching  as  deep  as  the  aponeurosis;  the  cutis  by  superficial 
stitches  or  MicheVs  agrafes.  If  the  abdomen  is  strongly  distended,  it  is 
very  advisable  to  place  at  intervals  of  lor  H  inches  silk  or,  better,  Vienna 
wire  relaxation  sutures,  taking  in  the  whole  thickness  of  the  abdontinal 
wall.  To  do  this,  thread  each  end  of  the  wire  on  a  separate  needle  and 
always  transfix  the  abdominal  wall  from  within  outward,  so  as  to  avoid 
surely  wounding  the  stomach  or  intestines.  First  the  threads  are  all 
placed,  and  their  ends  held  together  by  a  clamp.  Then  we  can  either 
make  a  tier  suture,  as  just  described,  or  be  satisfied  with  that  simple 
one-layer  suture,  which  is  employed  by  many  surgeons  with  good  suc- 
cess. But,  in  the  latter  case,  we  must  take  care  that,  when  the  knots 
are  tied,  the  peritoneum  is  really  everted,  and  that  no  omentum  or  intes- 
tine squeezes  in  between  the  edges  of  the  wound,  or  is  caught  in  the 
suture  loops.  Many  make  only  two  tiers  of  stitches,  one  buried  (silk), 
taking  the  aponeurosis,  the  fascia  transversalis,  and  the  peritoneum, 
and  one  superficial,  for  the  skin  and  fascia  superficialis.  Once  the  skin 
suture  is  completed,  it  is  painted  with  tincture  of  iodin  and  covered 
with  a  pad  of  gauze,  folded  twelve  to  twenty  times  thick  and  as  broad 
as  a  hand;  said  pad  is  fastened  by  wide  strips  of  adhesive  rubber  plaster, 
reaching  from  one  groin  to  the  other.  I  always  lay  on  top  of  this  dress- 
ing another  larger  one,  which  has  more  psychical  effect,  as  it  im- 
presses more  readily  upon  the  patient  the  seriousness  of  the  situation. 
Such  a  dressing  extends  from  the  nipple  down  to  the  thighs,  and  a  double 
hip  spica  excludes  the  genital  organs  and  the  anus.  In  case  of  layer 
sutures,  the  superficial  stitches  are  removed  after  eight  to  ten  days.  In 
case  of  one-layer  suture,  nothing  is  removed  before  the  twelfth  or  four- 
teenth day.  I  have  no  personal  experience  of  dressings  with  Ottingen's 
chloroform  and  putty  mixture  (putty,  20,  chloroform,  50,  Mnseed  oil,  min- 
ims xx),  but  I  heard  it  often  praised  as  very  practical.  It  is  used  as  fol- 
lows: On  the  wound  is  applied  a  large  muslin  and  cotton  wadding  pad, 
which  is  fastened  all  around  its  edges  by  spreading  with  a  large  brush 
some  of  the  putty  mixture,  which  quickly  solidifies  and  is  unirritating. 
The  dressing  is  removed  with  chloroform. 

Median  incisions  have  the  disadvantage  of  creating  a  scar  in  a  place 
which  naturally  is  not  very  resistant,  and,  on  the  contrary,  is  very  often 
strongly  distended.  Said  scar  may  later  stretch  and  let  an  abdominal 
hernia  develop.  Such  a  hernia  is  warded  off  with  certainty  by  para- 
median incisions.  At  the  same  time  the  latter  have  the  same  advan- 
tages as  median  incisions,  as  regards  saving  nerves,  muscles,  and  blood- 
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In  paramedian  incisions,  we  incise  about  {  inch  far  from  the 
midline  over  the  inner  edge  of  the  rectus  muscle.  It  goes  without  saying 
that  in  case  the  linea  alba  gaps  widely,  we  must  f^  farther  laterally. 
After  division  of  the  skin  and  superficial  fascia,  and  complete  hemostasis, 


we  see  *he  muscular  belly  of  the  rectus  glimmer  through  the  anterior  . 
aponeurosis  and,  at  least  J  inch  away  from  the  internal  border  of  the  rec- 
tus, we  incise  the  anterior  layer  of  the  sheath  of  the  latter  (see  Fig. 
427),  the  edges  of  the  incision 
being  secured  in  clamps.  With 
a  Kocber  dissector,  we  strip  the 
aponeurosis  from  the  anterior 
surface  of  the  muscle  to  the  linea 
Fig.  428.  alba,  and  we  deflect  laterally  the 

edge  of  the  rectus  by  means  of 
a  one-  or  two-pronged  sharp  hook.  The  aponeuroses  adhere  somewhat 
more  firmly  to  the  muscle  in  the  vicinity  of  the  tendinous  intersections, 
and  there  only,  in  case  of  need,  we  may  have  to  use  the  knife  to  detach 
them.  Then  the  posterior  leaf  of  the  sheath  of  the  rectus  appears,  and 
is  similarly  incised  and  the  edges  fastened  with  artery  forceps.  Further 
stepsareas  in  case  of  amedian  incision  (see  above).    Fig.  428  shows  on  a 
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cross-section  the  anatomical  relations  in  a  paramedian  incision.  We  see 
the  coalescence  of  the  anterior  and  posterior  aponeuroses  into  the  tinea 
alba,  and  the  laterally  deflected  skin,  fascia  transversalis,  and  rectus.  Such 
paramedian  incisions  allow  a  perfect  restoration  of  the  abdominal  mus- 
culature. The  fascia  transversalis  and  the  peritoneum  are  reunited  by  a 
continuous  catgut  suture;  the  posterior  aponeurosis  by  an  interrupted 
silk  suture,  the  stitches  being  best  passed  in  the  manner  of  a  Sick  fascial 
suture  (see  Pig.  84,  page  70).  Then  the  rectus  is  put  back  in  its  normal 
position.  Only  in  case  of  a  very  long  incision  do  we  have  to  fasten  by  a 
few  separate  catgut  stitches  its  medial  edge  in  the  angle  of  reunion  of 
the  anterior  and  posterior  aponeurosis.  Interrupted  silk  suture  of  the 
anterior  aponeurosis,  suture  of  the  skin  by  a  few  deep  and  superficial 
stitches  or  metallic  clasps.  In  Fig.  429  the  abdominal  wall  is  represented 
after  suture  of  a  paramedian  incision.     The  dotted  oval  (E)  corresponds 


to  a  relaxation  suture  (Vienna  wire),  as  described  more  in  detail  above. 
C  is  the  continuous  catgut  suture  of  the  fascia  transversalis  and  perito- 
neum ;  Si  the  silk  suture  of  the  posterior  aponeurosis ;  Si,  that  of  the  ante- 
rior; K,  the  metallic  clasp  suture  of  the  skin.  A  laparotomy  wound  thus 
sutured  and  healed  aseptically  does  not  give  way  later  before  intra- 
abdominal pressure.  Naturally,  we  may  simplify  the  suture  by  taking 
together  S,  and  C  (but  then  we  must  use  interrupted  silk  stitches),  and 
doing  the  same  for  the  anterior  aponeurosis  and  the  skin;  but  the  above 
described  method  gives  a  safer  guarantee  of  the  exact  coaptation  of  each 
of  the  different  layers  of  the  abdominal  wall. 

Incision  Along  the  Outer  Edge  of  the  Rectos  (Lennander-Senn) . 
— This  incision,  in  the  main  longitudinal,  spares  also  the  abdominal  mus- 
cles. The  nerves  and  bloodvessels  that  may  eventually  be  found  in  the 
operative  field  can  easily  be  deflected  and  kept  laterally.  The  incision 
corresponds  to  the  rectus  muscle,  which  tapers  downward.  It  is  chiefly 
used  in  appendicitis  operations,  and  therefore  runs  slightly  obliquely 
inward  and  downward  along  the  lower  segment  of  the  muscular  belly. 
The  edge  of  the  rectus  occupies  exactly  the  middle  of  the  interval  between 
thelineaalbaand  a  vertical  line  drawn  through  the  superior  anterior  iliac 
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spine.  The  superficial  incision  ought  not  to  be  too  small,  especially  if  the 
patient  is  fat.  Too  small  a  cutaneous  incision  makes  it  extremely  more 
difficult  to  get  one's  bearings.  I  do  not  believe  wedge-shaped  excisions 
of  the  fatty  tissue  through  a  small  cutaneous  incision  to  see  better  the 
aponeurosis,  as  advocated  by  Blumberg,  to  be  any  improvement.  More- 
over, I  condemn  all  operation  in  which  one  works  blindly  in  the  depth  like 
a  mole.  Even  if,  in  other  countries,  operations  are  rated  proportionally 
to  the  shortness  of  the  incision,  even  if  the  public  at  large  and  physicians 
themselves  consider  this  shortness  to  be  an  advantage  of  prime  impor- 
tance, we  feel  no  desire  to  begrudge  them  this  kind  of  superiority.  As 
long  as  we  do  not  go  back  to  the  customs  of  the  Garden  of  Eden,  I  fail  to 
understand  why  a  slightly  shorter  scar  on  the  abdomen  should  be  more 
esthetic  than  a  slightly  Jonger.  The  fascia  superficialis  is  pushed  away 
a  little  toward  each  side  with  a  dry  compress,  until  we  can  see  distinctly 
the  lateral  edge  of  the  rectus.  The  anterior  aponeurosis  is  incised  about 
h  inch  medially  of  said  edge,  the  muscle  is  displaced  toward  the  midline 
with  a  blunt  instrument,  whereby  appear  one  or  two  nerves,  accompanied 
by  bloodvessels,  which  are  cautiously  deflected  upward  or  downward. 
The  vessels  may  be  also  clamped,  cut,  and  ligated.  Remember  that  the 
posterior  layer  of  the  sheath  of  the  rectus  does  not  exist  below  the  middle 
of  the  distance  between  the  navel  and  symphysis,  and  that  therefore  in 
this  interval  we  strike  directly  the  fascia  transversalis  and  peritoneum. 
When  suturing  in  this  region,  we  need  only  one  row  of  sutures  behind 
the  rectus,  for  which  I  recommend  an  interrupted  silk  suture.  The 
remainder  of  the  wound  is  closed  exactly  as  represented  in  Fig.  429. 

Another  method  of  incision  very  frequently  used  is  that  which  resorts 
to  blunt  separation  of  the  fibres  of  the  oblique  and  transverse  muscles. 
We  employ  this  particularly  when  we  want  to  make  a  small  opening  into 
the  peritoneum  without  cutting  across  the  muscle  fibres.  Fig.  430  repre- 
sents the  successive  phases  of  such  a  procedure  in  a  region  slightly 
above,  and  inside  of,  the  superior  and  anterior  iliac  spine.  After  divi- 
sion of  the  skin  and  superficial  fascia,  we  see  the  lower  end  of  the 
fibres  of  the  external  oblique  (Fig.  430.  left  and  above).  These  fibres 
are  bluntly  separated  by  means  of  a  Kocher  spatula,  while  the  aponeuro- 
sis itself  is  cut  cautiously  with  a  knife  after  the  same  spatula  has  been 
slipped  underneath,  so  as  to  protect  the  internal  oblique  against  a  possible 
injury.  The  edges  of  the  wound  in  the  external  oblique  are  drawn  apart 
with  blunt  hooks  (Fig.  430,  to  the  right  and  up) .  Then  the  very  slightly 
oblique  fascicles  of  the  internal  oblique  are  also  similarly  bluntly  sepa- 
rated and  drawn  toward  each  side  (Fig.  430  to  the  left  and  down).  The 
underlying  transversus  is  split  parallel  with  its  fibres,  almost  transversely, 
and  taken  by  the  retractor  which  already  holds  the  internal  oblique  (Fig. 
430,  to  the  right  and  down),  whereupon  we  see  the  fascia  transversalis 
beneath  which  run  a  number  of  bloodvessels. 

Transverse  incisions  have  also  come  into  favor  recently.  Gynecolo- 
gists   particularly  use  frequently  PfannenstieV s    so-called  transversal 
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fascial  incision.  Winkelmann  advises,  after  making  the  cutaneous  inci- 
sion and  opening  the  anterior  leaf  of  the  sheath  of  the  rectus,  strongly  to 
draw  aside,  laterally  or  toward  the  midline  indifferently,  the  muscular 
belly  or  bellies  of  one  or  both  recti,  so  as  to  expose  the  postenor  aponeu- 
rotic layers.    These  must  be  incised  transversely  as  well  as  the  subjacent 


Fig.  430. 


peritoneum.  In  the  median  line  the  gap  between  the  recti  may  measure 
up  to  6  inches  in  width.  We  can  also  lengthen  laterally  the  incision 
through  the  muscular  bellies  or  the  aponeuroses  of  the  flat  muscles,  and 
easily  spare  the  nerves,  the  direction  of  which  is  mainly  horizontal.  The 
suture  is  made  exactly  as  in  caseof  a  paramedian  incision.  Stitching  to- 
gether the  edges  of  the  recti  in  the  median  line  is  generally  superfluous. 
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The  divided  fascicles  of  the  obliques  and  transverse  are  carefully  re- 
united with  catgrut 

Oblique  incisions  along  the  costal  arch  to  expose  the  liver  and  gall- 
bladder, or  the  spleen,  and  also  lumbar  incisions  to  expose  the  kidney 
will  be  spoken  of  in  detail  later. 

(c)  After-Treatment  of  Laparotomized  Patients 

Immediately  after  the  dressing  is  applied,  all  laparotomy  patients  are 
laid  horizontally  in  a  bed  previously  well  warmed  up,  covered  with  light 
woollen  quilts  and  brought  in  a  well- ventilated  private  room.  They  are 
protected  against  chilling  by  hot-water  bottles  wrapped  in  flannel, 
thermophores,  and  warm  cloths.  As  a  general  rule,  the  complete  hori- 
zontal position  is  to  be  preferred.  It  best  avoids  bed-sores  even  without 
adjunction  of  water-pads  on  which  many  surgeons  place  systematically 
their  patients.  In  the  complete  horizontal  position,  the  weight  of  the 
body  is  distributed  evenly  over  the  whole  surface  of  the  back,  while  in 
the  semisitting  posture,  it  falls  chiefly  on  the  sacral  region  and  bed-sores 
develop  easily.  Anemic  patients  are  laid  head  low.  The  foot  of  the 
bed  is  raised  by  means  of  wooden  blocks. 

As  regards  treatment  of  anemia  in  operated  patients  see  page  42  and 
following.  Autotransfusion  (not  mentioned  there)  is  a  very  good  way 
to  send  to  the  heart  and  brain  large  quantities  of  blood.  To  this  effect 
the  legs,  eventually  also  the  arms,  are  firmly  wrapped  from  the  periphery 
toward  the  centre  in  flannel  bandages,  which  press  back  the  blood  into 
the  trunk.  These  bandages  must  not  stay  more  than  ten  to  twelve  hours, 
after  which  they  must  be  loosened,  at  first  progressively,  so  as  not  to 
renew  the  danger  of  anemia  by  suddenly  increasing  the  capacity  of  the 
circulatory  channels.  Rectal  injections  of  saline  solution,  4  to  7  ounces 
at  104°,  every  or  every  other  hour,  or  subcutaneous  injections;  or,  in 
cases  requiring  haste,  intravenous  infusions  of  the  same  solution  are 
other  means  of  restoring  to  the  body  the  quantity  of  fluid  lost  by  hemor- 
rhage or  evaporation  through  the  surface  of  the  peritoneum.  Katzen- 
stein  advises  to  regulate  first  the  outflow  tube  of  an  irrigator  disposed 
above  the  patient's  bed,  so  that  but  one  or  two  drops  flow  per  second  into 
the  rectum,  and  in  this  way  to  introduce  uninterruptedly  two  or  three 
quarts  of  saline  solution.     This  is  repeated  after  twelve  hours  if  necessary. 

Feeding. — The  day  of  operation  patients  are  given  absolutely  nothing 
per  OS.  The  torturing  thirst  may  be  alleviated  by  administration  of 
saline  solution  in  the  manner  mentioned  above,  moistening  the  lips  with 
glycerin  and  water,  and  by  comforting  talk.  Only  after  ten  or  twelve 
hours  have  elapsed  without  vomiting  or  nausea  can  we  give  teaspoonful 
doses  of  strong,  but  not  bitter,  tea  without  sugar,  hot  or  cold,  as  the 
patient  prefers.  Eventually,  to  make  the  taste  more  pleasant,  we  may 
add  a  few  drops  of  lemon-juice.  Beginning  on  the  second  day,  we  allow 
gruel,  broths,  custard  or  wine  jelly,  wine,   cold  champagne.     Milk  in 
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large  amounts  constipates,  and  is  often  not  well  tolerated.  Never  give 
much  at  one  time,  but  give  frequently  small  quantities.  During  the  first 
days  all  our  laparotomized  patients  above  sixteen  years  of  age  receive  in 
the  evening  i  or  ^  of  a  grain  of  morphin,  and  more  when  necessary.  In 
children  restlessness  and  pain  are  best  controlled  by  small  doses  of 
morphin  subcutaneously  (up  tpiV  grain).  After  the  fifth  day  only,  we 
begin  giving  solid  food,  zwieback,  toasted  white  bread  with  butter,  soft 
boiled  eggs,  cooked  and  finely  minced  chicken,  mashed  potatoes,  apple 
sauce,  etc.  But  an  essential  condition  before  starting  such  a  more  3oIid 
diet  is  that  there  should  have  been  spontaneous  emission  of  flatus  and 
a  stool,  the  latter  aided,  if  necessary,  on  the  morning  of  the  fifth  day  by 
a  small  enema  of  a  tablespoonful  of  glycerin  and  two  tablespoonfuls  of 
water.  If  this  does  not  bring  a  copious  stool,  we  give  in  the  evening 
a  mild  cathartic  {KureUa's  pectoral  powder,  tamarin).  If,  again,  this 
does  not  work,  the  patient  receives  on  the  sixth  day  an  ordinary  dose  of 
castor  oil.  Attention  must  always  be  paid  to  get  regular  bowel  move- 
ments. No  flatus  is  generally  passed  during  the  first  twenty-four  hours. 
If  there  is  marked  gurgling  in  the  intestines,  we  may  afford  the  patient 
relief  by  introducing  a  soft  rectal  tube,  and  leaving  it  in  place  half  an 
hour  or  an  hour,  but  not  more,  as  otherwise  it  would  easily  cause  tenes- 
mus. Absence  of  flatus  carries  no  menace  with  itself,  except  when  tym- 
panites and  other  symptoms  of  peritonitis  or  intestinal  occlusion  devel- 
op. It  is  not  without  some  reason  that  often  the  noise  of  flatus  is 
described  as  being  heavenly  music  for  both  the  physician  and  the  patient 

Pain  is  practically  never  absent  after  an  abdominal  operation.  First, 
we  have  pain  due  to  the  wound,  and  consequently  limited  to  the  wound 
region.  This  pain  is  increased  by  abdominal  tension  during  efforts  to 
vomit,  to  pass  feces,  to  cough,  to  talk,  etc.  The  quieter  the  patient  is 
kept  the  less  pain  he  has.  If  the  other  parts  of  the  abdomen  are  not  ten- 
der, pain  of  that  kind  need  not  worry  us.  We  may  try  to  decrease  it  by 
applying  over  the  dressing  an  icebag  suspended  to  wire  hoops,  so  as  not 
to  cause  pressure.  We  never  give  opium  per  os  to  laparotomized  patients 
to  deaden  the  pain,  or  for  any  other  motive. 

We  try  to  control  vomiting  after  laparotomy  first  by  subcutaneous  in^ 
jections  of  morphin.  Said  vomiting  is  generally  due  to  general  anesthe- 
sia. If  it  still  lasts  after  twenty-four  hours,  washing  the  stomach  not 
infrequently  works  wonders.  The  vomiting  depending  on  general  anes- 
thesia differs  from  that  of  peritonitis  in  that  it  is  unaccompanied 
by  other  peritonitic  symptoms  {see  below).  It  comes  only  after  long  and 
violent  retching,  and  generally  throws  off  only  a  small  quantity  of  mucus. 
As  long  as  there  is  vomiting  nothing  is  given  the  patient  per  os.  As 
regards  uncontrollable  vomiting  by  arteriomesenteric  occlusion,  see 
page  44. 

The  voiding  of  urine  must  be  carefully  watched  in  each  case  of 
laparotomy.  Should  spontaneous  urination  not  happen,  do  not  at  once 
reach  for  your  catheter,  but  first  ascertain  whether  the  bladder  is  really 
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full  or  not,  and  try  by  hot  applications  to  induce  natural  voiding.  Use 
the  catheter  only  when  these  means  fail  and  the  bladder  is  absolutely 
full  so  as  to  give  the  sensation  of  an  elastic  sphere. 

Exact  observation  of  the  pulse  and  temperatiu-e  is  such  a  matter  of 
course  after  laparotomies,  as  well  as  after  any  other  operation  that  it 
scarcely  need  be  mentioned  here.  A  temperature  up  to  100.4°,  subsiding 
after  two  days,  has  no  particular  significance.  But  if  the  temperature 
remains  above  normal,  or  goes  up,  and  there  are  no  signs  of  an  intra- 
peritoneal lesion  or  of  pneumonia,  we  may  safely  diagnose  a  suture 
infection,  and  we  must  change  the  dressing  as  soon  as  possible  and 
eventually  remove  a  few  superficial  stitches.  A  new  swabbing  of  the 
line  of  suture  with  tincture  of  iodin  protects  the  other  stitches  against 
infection.  If  everything  goes  smoothly,  we  let  as  much  as  we  can 
laparotomy  wounds  heal  under  one  single  dressing.  Skin  agrafes  and 
superficial  stitches  are  removed  after  eight  days,  relaxation  sutures  not 
before  twelve  or  fourteen  days,  especially  if  only  one  tier  of  sutures  has 
been  made. 

As  a  general  rule,  we  do  not  let  our  patients  get  out  of  bed  before  the 
tenth  or  twelfth  day  in  case  of  small  incisions,  before  three  or  four  weeks 
in  case  of  long  incisions,  and  we  have  not  yet  joined  in  the  custom  of 
ordering  our  patients  out  of  bed,  or  having  them  sit  in  an  armchair,  on 
the  second  or  third  day.  Naturally,  we  occasionally  allow  exceptions  to 
this  rule,  especially  when  the  laparotomy  incision  is  very  small;  for  in- 
•  stance,  after  gastrostomy.  When  laparotomy  incisions  are  carefully 
sutured  and  heal  primarily,  abdominal  supporters  are  superfluous.  If  we 
sometimes  advise  wearing  one,  it  is  not  in  prevision  of  a  possible  abdom- 
inal hernia,  but  because  the  abdominal  walls  in  that  particular  given  case 
are  flabby,  overloaded  with  fat,  or  the  internal  organs  are  prolapsed. 
We  prefer  for  most  cases  Vermehren's  abdominal  belt,  with  rigid  back 
piece. 

Post-operative  hemorrhages  after  laparotomy  are  recognized  by 
progressive  anemia  and  collapse  without  fever  or  other  symptoms.  They 
call  for  an  immediate  reopening  of  the  wound,  a  search  for  the  bleeding 
point,  and  the  checking  of  hemorrhage  after  removal  of  the  extravasated 
blood  with  dry  compresses  or  towels. 

If  large  portions  of  omentum  or  mesentery  have  been  tied,  or  after 
extensive  lacerations  of  the  mesentery  or  laparotomies  having  required 
much  time,  we  sometimes  observe  severe  vomiting  of  blood  or  passing  of 
tarry  blood  through  the  stools.  We  never  see  in  these  cases  pure  bright, 
but  on  the  contrary  black,  deeply  altered,  blood.  These  hemorrhages 
arise  generally  from  multiple  superficial  erosions  in  the  gastro-intestinal 
tract.  The  prognosis  is  serious.  Absolute  rest,  an  ice-bag  on  the  abdo 
men,  and  complete  cessation  of  feeding  per  os  are  the  therapeutics, 
requisites.  Kehr  recommends  to  flush  the  stomach  with  warm  water  at 
104°,  until  the  water  comes  out  clear,  and  to  repeat  if  necessary.  Doing 
away  with  stagnation  of  the  infectious  intestinal  contents  by  securing  an 
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early  bowel  movement  is  a  very  rational  thing  in  all  cases,  as  we  thus 
fight  effectively  one  of  the  causes  of  the  lesions  of  the  mucous  mem- 
brane. 

Post-Operative  Peritonitis. — It  is  generally  heralded  in  by  a  thermic 
ascension  above  100.4®  F.  The  pulse  is  increased  in  frequency  without  any 
proportion  with  the  rise  in  temperature.  It  goes  quickly  above  100,  and 
takes  a  threatening  significance  as  soon  as  it  reaches  above  120.  Then 
the  pulse  is  small,  easily  depressible,  finally  filiform.  The  orbits  are 
sunken,  the  forehead  wrinkled.  In  one  word,  the  face  shows  the  well- 
known  abdominal  facies.  The  abdominal  walls  are  tense,  the  dressing 
becomes  soon  too  tight.  There  is  tenderness  on  pressure  over  the  whole 
abdomen.  Breathing  is  accelerated,  and  is  mostly  costal  in  type,  as  mo- 
tion of  the  diaphragm  becomes  soon  painful,  owing  to  involvement  of  its 
peritoneal  covering.  Vomiting,  which  had  perhaps  been  present  at  the 
outset,  and  was  then  due  to  general  anesthesia,  starts  anew.  It  is 
bilious,  often  very  abundant,  and  generally  not  preceded  by  much  retch- 
ing. Intestinal  peristalsis  stops  soon  altogether,  no  flatus  are  passed, 
and  no  solid  matter  either.  The  urine  is  scanty.  In  severe  cases,  death 
may  come  within  twenty-four  or  thirty-six  hours.  When  peritonitis  sets 
in,  all  feeding  per  os  must  be  discontinued.  Against  the  intense  thirst, 
give  rectal  injections  of  salt  solution,  4  to  8  ounces  every  or  every  other 
hour;  or,  according  to  Katzenstein,  subcutaneous  and  intravenous  saline 
infusions,  to  which  are  added,  if  the  latter  mode  of  introduction  is 
selected,  10  to  15  drops  of  suprarenin  solution.  Against  pain,  morphin 
subcutaneously  is  best.  We  may  also  try  to  stimulate  intestinal  action 
by  enemata  of  water,  to  which  is  mixed  a  tablespoonful  of  glycerin.  To 
stir  and  strengthen  the  heart  function,  we  have  at  our  disposal,  besides 
suprarenin,  injections  of  camphor  or  digalen  subcutaneously;  or  even, 
when  there  is  immediate  danger,  intravenously.  Reopening  the  abdo- 
men leads  very  seldom  to  success  in  post-operative  peritonitis.  But 
always  remember  that  a  gauze  sponge  or  a  clamp  may  have  been  inad- 
vertently left  in  the  abdomen.  In  many  cases,  encapsulated  abscesses  de- 
velop, while  the  inflammatory  symptoms  subside  in  the  other  parts  of  the 
abdomen.  It  goes  without  saying  that  those  abscesses  must  be  opened* 
As  regards  their  elective  sites,  see  Appendicitis.  Making  under  local 
anesthesia  one  or  several  enterostomy  openings  on  distended  loops  of 
small  intestine,  and  irrigating  through  them  the  gut  with  salt  solution, 
brings  generally  marked  relief;  and,  by  unburdening  the  intestines, 
always  contributes  much  to  the  recovery. 

Another  serious  complication  that  may  be  observed  after  a  laparotomy 
is  post-operative  ileus.  It  is'  always  a  suspicious  symptom  when  the 
spontaneous  emission  of  flatus  is  delayed  for  longer  than  three  days. 
Then  a  plainly  noticeable  general  restlessness  and  colicky  pains  set  in ; 
but  the  abdomen  is  not  tender  on  pressure.  The  vomiting  at  the  outset 
is  bilious,  but  later  assumes  a  fecal  character.  Peristalsis  is  at  first  very 
violent,  so  that  oftentimes  serpentine  contractions  of  the  different  intes- 
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tltiitl  liKiiM  am  vinible  on  the  abdominal  wall,  and  even  gfurgling  can  be 
hcunl  fmm  u  ditttance.  At  first  also,  peritonitic  symptoms,  e.g,,  thennic 
aHiM'tinion  and  increased  pulse  frequency,  are  missing.  Paralytic  ileus  by 
liariilyHiH  of  the  liowe]  can  hardly  be  distinguished  by  its  symptoms  from 
liiciiiUmt  pc-rilonitiK.  Mechahical  ileus  alone  gives  in  the  early  stages  a 
Honittwhat  <;learly  defmed  clinical  picture.  Cathartics  are  of  no  help,  and 
Iftnicralty  nimply  increase  vomiting.  Opium,  given  with  the  idea  of 
wUcvhiK  tho  colicky  jrains,  is  directly  harmful.  Washing  the  stomach, 
n'pi'aii'd  ir  nt'wl  Ix:,  canes  frequently  the  situation,  but  must  be  given 
wry  prudently,  to  avoid  iwawible  aspiration  of  vomited  matter  loosened 
by  Uhi  intriKhiction  of  the  stomach-tube.  High  enemata  of  glycerin  and 
wntiT  aro  hIho  lu'iicficial,  as  they  incite  peristalsis  in  the  lower  segment 
of  tho  Ih)wi<I,  and  (>m|>ty  the  latter.  Of  course  nothing  is  given. per  os. 
or  l»t(>,  atn>pin,  in  rather  large  doses,  I'n  to  fSr  of  a  grain  a  day,  has 
Imh'I)  fiV(|Ut>titly  givt'ii  Hiibi'utaneously  to  stimulate  peristalsis,  especially 
In  oiiNttH  of  iiinrki'd  inti>Mtinal  distention  in  paralytic  ileus.  We  may  also 
try  to  (»x(*itit  inUwtinal  contmctions  by  an  injection  of  physostigmin 
ttwrin)  wtlicyltttc.  A  to  n',,  of  ii  gniin.  but  when  the  patency  of  the  bowel 
Ih  not  nv«loit'd  quickly  mid  tho  condition  is  getting  worse,  reopen  the 
ttlMKinu'n  without  waiting  any  longer,  find  the  obstacle,  suppress  it,  and 
nmki'  nn  inl-o»tinal  tlntula  nlKive  the  occluded  point,  so  as  to  empty  the 
Utwi'l,  If  lUH'd  bi>.  ovacuiito  tlie  strwngly  distended  gut  by  multiple  tap- 
pintRt.  If  \n\v  wnitH  tto  lonK  that  [H'ristalsis  stops  and  peritonitis,  besides 
iKhih,  tiHH  ttlr(wl.v  Hi'l  in.  it  is  g^'nonilly  too  late. 

(d)    H<>rniA  Operations 

VmhUivui  H*rm*u*  in  ChUdrtn.     All  umbilical  hemi»  which  do  not 
yiold  to  Itu'  (wIlu'sivt'-pltistiT  mothwl  of  trt-atment.  or  which  are  not 
amenable  to  this  method  on 
account  of  tenderness  of  the 
skin  or  of  the  size  of  the  her- 
nial ring,  ought  to  be  closed 
oarlx-  by  suture.     It  is  a  good 
praotic*'  to  rvinove  at  the  same 
timo  a'l!  of  the  thin  skin  of  the 
njvvf'.    To  :hi^  erfect.  in  small 
hcn-.i*.  trtf  -r-abilical  skin  is 
hfUi  :a-.;::'y  :v.tfar.sot"anarteiy 
;\';\vi\s,  ;v.>:;#<v.  with  caution 
»'■'.  ,-i'v.;"o   ::.-!  ii;is*.  and  de- 
*ao''Cvi  '::;:i-  Vv  >;::;^  rnjoj  the 
u-.U-vx  -j:  ~;  -".i  sio.    Then 
•«:t:v,  .t".i  ^i.-v.  — .v-iru.  and  the 
■:•*'•  ,v.  ,u  .V  >.,;"::>-.  .intil  the 
:v;;j;:'  ;;  irv  -"Art',-  on  all  side& 
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If,  while  doing  this,  the  sac  is  opened,  both  edges  of  the  slit  are  secured 
in  clamps,  a  Kocker  dissector  is  introduced  into  the  sac  and  the  latter  is 
excised  so  that  there  remains  only  a  cuff,  which  can  be  closed  by  a  purse- 
string  suture,  after  the  hernial  contents,  generally  omentum,  have  been  re- 
placed. It  is  better  to  dissect  the  skin  away  from  the  hernial  sac,  toopen 
the  tip  of  the  latter,  reduce  the 
contents,  transfix  the  base  of  the 
sac  with  a  double  thread,  and 
tie  as  represented  in  Fig.  431. 
The  projecting  part  of  the  sac 
is  then  excised.  Small  hernial 
rings  are  closed  with  a  purse- 
string  suture  of  fine  Vienna  wire, 
which  can  be  easily  knotted  (Fig. 
432) .  The  operation  is  so  simple 
that  it  can  be  undertaken  any- 
where (of  course  all  due  precau- 
tions of  asepsis  being  taken), 
but  it  is  suitable  only  for  hemise 
with  a  very  small  ring. 

In  case  of  a  larger  hernial  ring, 
make  a  longitudinal  or  transverse 
incision  enclosing  the  skin  of  the 
navel  (Fig.  433,  A).  Intheregion 
corresponding  to  the  linea  alba  or  aponeuroses,  the  incision  is  deepened 
to  the  latter  structures,  the  skin  is  retracted  toward  each  side  by  sharp 
hooks,  and  the  skin  of  the  navel  extirpated.  Next,  we  incise  transversely 
the  anterior  layer  of  the  sheath  of  the  rectus,  and  dissect  it  upward  and 
downward,  leaving  it  meanwhile  connected  with  the  linea  alba,  so  that  a 
cuff  of  the  anterior  aponeurosis  remains  hanging  to  the  hernial  ring, 
which  is  formed  by  the  interweaving  of  all  aponeuroses  (Fig.  433,  A). 
It  does  no  harm  if  while  doing  this,  the  posterior  aponeurosis  is  slightly 
punctured  near  the  linea  alba.  Now  we  open  the  hernial  sac  near  its  tip, 
ligate  its  basis  after  reposition  of  the  contents,  and  invert  it  through  the 
relaxed  umbilical  ring,  which  is  itself  now  buried  in  the  depth  so  as  to 
form  a  sort  of  pad,  in  the  following  way:  The  anatomical  relations,  as 
seen  then,  are  represented  in  cross-section  in  Fig.  433,  Ai.  The  pos- 
terior aponeurosis  is  then  sutured  transversely  with  interrupted  silk 
stitches  (Fig.  433.  B),  whereby  the  umbilical  ring  disappears  in  the 
depth  (Fig.  433,  B,).  Then  the  inner  borders  of  both  recti  are  approxi- 
mated in  the  midline  by  a  few  separate  catgut  stitches.  Over  this  row 
of  sutures  the  edges  of  the  anterior  aponeurosis  are  united  by  a  Si4;!e 
interrupted  silk  suture  (Fig.  433,  B  and  BJ,  and,  finally,  the  skin  is 
sutured  crosswise  or  lengthwise.  The  upper  part  of  the  body  is  elevated 
so  as  to  relax  the  recti,  and  the  hips  flexed  by  the  slipping  of  a  thick 
-cushion  under  the  knees.    A  dressing  with  wide  adhesive  plaster  strips 
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serves  to  decrease  tension  on  the  sutures.     Over  this  is  applied  a  large 
dressing. 

The  large,  and  generally  iireducible,  wnbilicat  herniae  of  adults  ne- 
cessitate a  very  complicated  technique,  as  in  most  cases  we  do  not  have 
to  deal  with  a  single,  but  with  a  multilocular  sac  with  numerous  adhe- 
sions to  the  omentum  and  bowel.  Here  also,  to  free  widely  the  hernial 
sac  we  prefer  a  transversal  or  a  flap  incision.     The  greater  part  of  the 
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Fig.  433. 


considerably  thinned  skin  is  excised  after  being  enclosed  within  an 
oval  incision.  It  may  be  left  hanging  to  the  hernial  sac  and  extirpated 
in  one  piece  with  the  latter.  Again,  the  aponeurosis  is  dissected  free 
all  around  the  sac,  and  the  latter  is  pushed  away  together  with  the 
still  adhering  subcutaneous  fat,  until  the  hernial  ring  lies  completely 
bare  before  our  eyes.  Now  the  large  hernial  sac  is  opened  transversely, 
generally  in  its  upper  part.  Two  fingers  or  a  Koclier  spatula  are  slipped 
between  the  hernial  contents  and  the  sac,  and  the  latter  is  cut  off  little 
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by  little  all  around,  so  that  only  a  cufF  remains.  To  prevent  the  sac 
from  sinking  backward,  we  fasten  its  circumference  with  peritoneal 
clamps  or  artery  forceps.  Adhesions  between  the  hernial  contents  and 
the  sac  are  mostly  found  in  the  sac  proper,  and  not  at  the  neck  of  the 
latter.  Finally  the  sac,  together  with  its  contents,  hangs  from  a  pedicle 
formed  by  adherent  organs,  in  most  cases  omentum,  but  sometimes  also 
gut  The  sac  is  detached  prudently  from  these  organs  somewhat  in  the 
same  way  as  we  peel  an  orange.  Tougher,  stringlike  adhesions  must  be 
severed  between  two  ligatures.  In  case  of  extensive  adhesions  between 
the  sac  and  the  intestines,  we  may  sometimes  be  compelled  to  leave  part 
of  the  serous  sac  hanging  to  the  latter,  and  to  reduce  it  in  the  abdominal 
cavity.  Degenerated,  lumpy,  fibro-lipomatous  omentum  is  best  ligated 
in  small  bundles  and  excised.  However,  when  extirpating  big  masses  of 
omentum,  caution  is  needed  to  guard  against  reducing  into  the  abdomen 
a  digitation  of  omentum  cut  off  from  its  blood-supply  (see  also  below 


Fig.  434. 


about  Inguinal  ruptures).  Next,  the  hernial  sac  is  closed  with  inter- 
rupted sutures,  or  in  case  it  has  a  narrow  pedicle,  ligated  as  represented 
in  Fig.  431.  Then  we  can  proceed  as  said  above,  orreef  the  fascia  trans- 
versely, as  Championniere  and  Bier  do.  Bier,  of  late,  operates  all 
voluminous  umbilical  and  abdominal  hemiae  under  Schieich  local  infiltra- 
tion anesthesia.  He  closes  the  peritoneum  with  a  purse-string  suture; 
or,  if  the  incision  is  large,  with  a  continuous  suture  made  so  that  the 
beginning  of  the  thread  is  tied  with  the  other  end.  This  inverts  the 
peritoneum  toward  the  abdominal  cavity,  and  makes  its  scar  shrink  to 
the  size  of  a  button.  In  most  cases  of  that  type  we  have  to  deal  with  a 
diastasis  of  the  recti,  extending  more  or  less  far  upward  and  downward, 
and  which  must  be  treated  at  the  same  time  by  the  plication  method.  To 
this  effect  a  great  number  of  reefing  sutures  are  placed  from  one  angle 
of  the  diastasis  of  the  recti  to  the  other,  as  represented  in  Fig.  434,  / 
(thin  silk  threads,  folded  double  if  necessary).  The  tying  of  the  threads 
is  begun  in  the  angles,  and  there  results  an  infolding  of  large  surfaces 
of  aponeurosis,  which  form  a  longitudinal  pad  projecting  toward  the 
abdominal  cavity.    When  tying  the  sutures,  have  an  assistant  bring 
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together  the  edges  oi  the  recti,  as  otherwise  the  threads  might  easily 
tear  through  the  tissues  or  snap.  Over  this  first  line  of  suture,  the  ante- 
rior aponeurosis  of  the  rectus  is  still  once  more  sutured  in  the  manner 
shown  in  Pig.  434,  //,  so  that  now  the  edges  of  the  recti  are  in  direct 
apposition,  and  the  place  where  the  hernia  or  the  diastasis  were  before  is 
filled  by  a  dense  aponeurotic  cushion.  Bier  resorts  to  the  same  method 
even  for  simple  diastasis  of  the  recti,  and  in  post-operative  abdominal 
hemise.  The  technique  of  the  procedure  is  made  clear  by  Fig.  435,  La 
and  U.a;  Lb  and  ILh  show  the  same  suture  on  a  cross-section.  Finally 
the  skin  is  closed  over  all  the  preceding  tiers  of  sutures.  In  case  of  a 
very  wide  diastasis,  we  still  must  add  one  or  two  more  reefing  sutures, 
each  one  of  which  lessens  the  burden  of  the  others.     Bier's  method  runs 


counter  to  the  procedure  originally  advocated  by  Gersuny,  namely,  to 
make  it  a  matter  of  principle  to  split  open  the  fibrous  sheath  of  the 
straight  abdominal  muscles  and  to  suture  together  the  edges  of  the  recti ; 
but  Esau  reports  from  Bier's  clinic  very  good  results, 

Graser  still  follows  Gersuny's  principles  and  uses  to  this  effect  Pfav^ 
nenstiePs  transversal  fascial  incision.  Graser's  technique  is,  indeed, 
complicated,  but,  according  to  his  reports,  yields  excellent  results,  even 
in  very  large  hernia.  The  patients  need  a  quite  particular  and  thorough 
preparation,  not  to  be  made  too  uncomfortable  by  the  shrinkage  in  the 
volume  of  the  abdominal  cavity,  which  follows  the  suture  (see  p.  438). 
The  skin  incision  passes  across  the  top  of  the  hernial  tumor,  generally  on 
a  level  with  the  umbilicus,  or  slightly  above  (Fig.  436).  It  may  some- 
times reach  a  length  of  20  inches  in  very  fat  subjects  and  in  case  of  a 
very  wide  diastasis.     First,  the  external  aponeurosis  is  bared,  the  hernial 
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sac  is  opened,  and,  once  the  contents  are  reduced,  completely  excised  all 
around,  as  said  above,  until  we  come  close  to  the  hernial  ring  (Pis'.  438). 
Then  the  different  layers  of  the  abdominal  wall  are  carefully  dissected. 
For  that  purpose  the  anterior  leaf  of  the  sheath  of  the  rectus  (Fig.  438)  is 
incised  transversely  from  one  edge  of  the  muscle  to  the  other  on  a  level 
with  the  umbilicus.    Through  this  transverse  incision,  we  try  to  detach 


Fig. 


the  anterior  and  posterior  sheath  of  the  rectus  from  the  muscular  belly 
itself,  always  in  such  a  way  as  to  leave  the  anterior  flap  of  abdominal 
aponeurosis  as  intact  as  possible.  This  dissection  of  the  anterior  abdom- 
inal aponeurosis  is  carried  upward  and  downward  to  the  point  where  the 
bellies  of  both  recti  come  in  contact  with  each  other,  and  is  effected  with 
a  Kocher  spatula,  scissors  being  used  only  in  the  vicinity  of  the  tendi- 
nous intersections.   The  muscles  are  separatedsimilarlyfromtheposterior 
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leaf  of  the  sheath.  This  leaves  the  tendinous  fibres  of  the  linea  alba 
connected  chiefly  with  the  anterior  aponeurosis  (see  Fig.  438),  while  the 
posterior  aponeurosis  is  split  in  the  midline.  Only  when  the  dissection 
has  been  carried  far  enough  toward  each  side  to  allow  the  bellies  of  the 
recti  to  be  brought  together  in  the  midline  can  we  begin  to  close  the 
abdominal  cavity.  We  first  (Pig.  438)  suture  the  peritoneum  vertically 
in  the  median  line  by  a  number  of  separate  silk  stitches,  preferably 
including  also  the  fascia  transversalis.  Next,  the  transverse  incision  in 
the  posterior  aponeurosis  is  repaired  by  an  interrupted  suture,  but  in  a 
horizontal  direction;  that  is,  perpendicular  to  the  peritoneal  line  of 
suture.  Then  the  bellies  of  the  recti  are  approximated  in  the  midline 
(Fig.  439).  A  few  stout  relaxation  sutures,  biting  deep  into  the  muscles, 
are  laid  in  the  vicinity  of  the  tendinous  intersections,  while  the  edges 
themselves  of  the  recti  are  united  by  one  or  two  tiers  of  separate  catgut 
stitches,  which  pick  up  but  tittle  muscle  substance  on  each  side;  but  the 
series  of  stitches  must  begin  as  high  up, 
and  end  as  low  down,  as  possible.  Final- 
ly, the  anterior  aponeurosis  is  repaired 
either  simply,  so  that  both  its  edges  are 
brought  in  exact  apposition,  or  by  a  Sick 
suture  (which  Graaer  says  had  already 
been  used  before  in  similar  cases  by 
Girard,  Mayo,  Baracz,  and  others), 
which  makes  the  upper  flap  overlap  the 
other.  Once  the  fascia  is  sutured,  the 
usually  very  abundant  subcutaneous  adi- 
pose tissue  is  excised  regularly,  together 
with  the  excess  of  redundant  skin,  aa 
far  as  is  necessary  to  secure  a  certain 
degree  of  tension  of  the  skin,  once  it  will 
have  been  sutured  over  the  aponeurosis. 
In  case  the  fatty  layer  is  thick,  a  number 
of  buried  stitches  are  laid  in  the  subcutaneous  tissue,  and  a  few  of  them 
are  made  to  include  the  skin.  Exact  apposition  of  the  edges  of  the  skin 
requires  much  attention,  as  otherwise  small  irregularities  and  inversions 
of  the  line  of  suture  would  delay  the  permanent  cure  for  quite  a  long 
time.  Drainage  is  not  indispensable,  but  during  the  operation  the  he- 
mostasis  must  be  particularly  careful.  To  avoid  blood  extravasations, 
Graaer  applies  again  after  the  operation  a  fairly  large  and  heavy  sand- 
bag (see  above,  page  438).  Aa  the  patients  have  already  become  accus- 
tomed to  it  before  the  operation,  they  can  bear  it  without  complaining. 
Graser  applies  also  after  these  operations  a  large  dressing.  The  post- 
operative pain  is  generally  very  severe,  all  the  more  because  in  most 
cases  neither  flatus  nor  stool  are  passed  during  the  first  three  days. 

Small  herniae  of  the  linea  alba  are  treated  exactly  as  small  umbili- 
cal hemise,  as  said  above. 
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Excision  of  the  Navel  in  Newborn  Infants. — This  minor  operation  is 
occasionally  indicated  by  umbilical  inflammations,  tetanus  of  umbilical 
origin,  or  to  eliminate  the  umbilical  cord  as  a  germ-carrier,  for  instance, 
before  an  early  operation  for  spina  bifida.  Pull  strongly  on  the  tip  of  the 
navel,  incise  the  skin  all  around  the  insertion  of  Wharton's  jelly,  and 
begin  by  isolating  in  the  upper  portion  of  the  cord  the  always  very 
movable  umbilical  vein,  which  is  ligated  in  two  places  at  least  i  inch 
apart,  but  not  severed  for  the  time  being.  Next,  the  two  umbilical 
arteries  situated  below  the  vein  are  also  isolated  and  doubly  ligated. 
Finally,  a  purse-string  suture  is  placed  close  to  the  central  ligatures  and 
securely  tied;  the  cord  is  then  cut.  The  umbilical  ring  is  closed  with  a 
purse-string  suture,  and  the  skin  stitched  over  it  crosswise  or  lengthwise. 
In  suppurative  conditions  we  naturally  limit  ^ourselves  to  closure  of  the 
peritoneum,  and  leave  the  umbilical  ring  and  the  skin  open.  Dressing 
with  a  little  gauze  and  ScMeich's  peptonized  paste. 

Herniae  of  the  Umbilical  Cord. — Circular  incision  of  the  skin  down 
on  to  the  fascia,  close  to  the  pedicle  of  the  hernial  sac;  the  peritoneum  is 
at  first  kept  unopened  as  long  as  possible.  The  fascial  edges  are  fastened 
in  forceps.  A  small  incision  is  made  into  the  peritoneum,  whose  edges 
are  also  clamped.  This  small  incision  is  progressively  enlarged  to  a  cir- 
cular incision  circling  the  whole  hernial  sac,  during  which  step  due 
attention  is  paid  to  the  umbilical  artery  and  both  umbilical  veins,  which 
are  forthwith  clamped  and  ligated.  The  prolapsed  bowel  is  replaced. 
(Large  herniae  of  the  umbilical  cord,  which  often  contain  the  greater 
part  of  the  abdominal  organs  are  almost  beyond  operability.  However, 
in  a  few  cases  resection  of  parts  of  the  ectopic  liver  made  closure  of  the 
abdomen  possible.)  Closure  of  the  peritoneum  with  a  purse-string  or 
continuous  suture;  transverse  interrupted  silk  suture  of  the  fascia  and 
suture  of  the  skin.  Resorting  to  complicated  methods  of  suture  is  futile 
in  such  small  infants. 

Lateral  Abdominal  Herniae. — Such  herniae,  especially  when  post- 
operative, may  be  closed  without  opening  the  abdominal  cavity  by  Bier's 
above-described  method;  but  it  is  better  to  incise  all  around  the  cicatricial 
skin  and  to  dissect  the  latter  away  from  the  underlying  scar  consisting 
of  stretched  aponeurosis  and  fascia.  Next,  between  the  fascia  superfici- 
alis  and  the  aponeurosis,  we  dissect  the  skin  surrounding  the  hernia  far 
enough  to  see  normal  muscular  fibres  glitter  everywhere.  We  then  incise 
all  around  the  cicatricial  portion  of  aponeurosis  belonging  to  the  hernial 
sac.  so  that  the  muscles  of  the  abdomen  are  exposed  freely.  It  is  not 
necessary  to  open  the  peritoneum ;  on  the  contrary,  we  leave  the  ring  of 
altered  aponeurosis  hanging  to  the  posterior  aponeurotic  layer,  that  is,  to 
the  transverse  and  internal  oblique  muscles,  and  approximate  the  edges 
of  sound  aponeurosis  by  one  or  two  tiers  of  reefing  sutures,  as  in  Bier's 
method  (Fig.  435,  page  456) .  The  muscular  bellies  are  sutured  with  cat- 
gut,  and  still  over  all,  the  anterior  aponeurosis  and  the  skin  with  silk. 
Patients  operated  on  for  large  abdominal  herniae  are  kept  in  bed  for  at 
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least  three  or  four  weeks,  and  for  a  long  time  wear  an  abdominal  belt 
(see  page  450). 

Inguinal  Herniae. — The  question:  What  inguinal  hemiae  should  be 
operated  on?  may  well,  considering  the  perfection  of  modem  technique 
and  the  safety  of  the  operation,  receive  the  following  answer:  Practically 
all  ruptures  must  be  operated  upon.  This  is  self-evident  in  incarcerated 
and  irreducible  herniae;  but  we  ought  also  to  set  the  limit  of  operability 
as  far  as  possible  in  case  of  reducible  hemiae,  which  are  still  nowadays 
so  frequently  treated  only  palliatively  with  the  always  annoying  truss. 
We  operate  also  on  small  children,  especially  when  the  parents  are  not  in 
a  position  to  give  them  successfully  the  care  required  for  a  truss  treat- 
ment. I  concede  that  under  a  carefully  supervised  treatment  with  a 
well-fitted  truss,  small  hemiae  in  young  individuals  can  be  cured.  But  if 
the  making  of  a  well-fitting  truss  is  already  skilled  work,  the  placing  and 
adjustment  of  the  same  so  that  it  will  permanently  remain  in  the  right 
position,  under  all  circumstances,  is  still  a  much  greater  art,  and  generally 
to  be  entrusted  only  to  physicians  or  truss-makers.  Again,  the  danger 
of  operation  in  old  individuals,  even  when  chronic  lung  lesions  are 
present,  is  minimized  by  the  fact  that  we  are  not  compelled  to  resort  to 
general  anesthesia  in  most  cases  of  ruptures.  Anyway,  it  remains 
doubtful  whether  we  must  operate  or  not  on  the  very  large  ruptures  of 
old  individuals,  which  not  unfrequently  contain  the  major  part  of  the 
small  and  large  intestine,  together  with  degenerated  omentum,  as  the 
prospects  of  a  radical  cure,  considering  the  extraordinarily  wide  hernial 
orifice  we  generally  find  in  those  cases,  are  not  any  too  favorable. 
Furthermore,  as,  in  the  course  of  many  years,  the  subjects  have  become 
accustomed  to  their  huge  hemiae,  they  are  not  often  very  insistent  to  be 
operated  on. 

Radical  operations  for  ruptures  consist  in  several  steps :  first,  expos- 
ing and  freeing  the  hernial  sac;  second,  reducing  the  contents  and  treat- 
ing the  sac;  third,  and  most  important,  closing  the  hernial  orifice.  The 
first  step,  exposing  and  freeing  the  sac,  is  performed  essentially  in  the 
same  way  by  most  operators,  even  if  there  are  a  few  particular  variations 
in  the  skin  incision.  The  same  may  be  said  of  the  reposition  of  the 
hernial  contents,  while  the  treatment  of  the  sac  and  the  closing  of  the 
hernial  orifice  have  brought  on  the  development  of  a  large  number  of 
simple  methods,  and  also  of  a  few  very  complicated  ones. 

Radical  Operation  for  External  Inguinal  Herniae. — We  obtain  local 
anesthesia  after  Brawn* s  method  as  follows :  At  the  level  of  the  external 
inguinal  ring,  we  make  on  both  sides  of  the  hernial  sac  a  superficial 
lump,  grasp  between  the  thumb  and  forefinger  of  the  left  hand  the  mass 
of  fibrous  tissue  prolapsed  through  the  external  inguinal  ring,  and  con- 
taining the  spermatic  cord  and  the  hernial  sac,  and  inject  through  the 
two  points  previously  pricked  5  to  10  c.c.  of  0.5%novocain-suprarenin  so- 
lution (Solution  II,  see  page  17)  all  around  in  the  external  ring  and  in  the 
tissues  surrounding  the  pedicle  of  the  hernial  tumor,  so  as  to  anesthetize 
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the  sac  and  the  cord.  Next,  the  skin  along  the  course  of  the  contem- 
plated incision  is  anesthetized  by  a  row  of  lumps  produced  with  a  i% 
solution  (Solution  I,  see  p.  17).  Then  we  make  the  skin  incision  and 
bare  the  external  ring.  We  then  push  the  needle  into  the  insertion  of 
the  inguinal  ligament  on  the  pubis,  and  inject  about  4  c.c.  of  1%  novo- 
cain solution  (Solution  III,  see  page  17)  until  we  reach  about  the  middle 
of  the  inguinal  ligament.  We  then  insert  the  needle  in  a  point  a  little 
external  to,  and  above,  the  region  of  the  internal  inguinal  ring,  and  inject 
again  4  c.c.  of  Solution  III  in  the  direction  of  the  inner  column  of  the 
external  ring.  The  injection  is  given  in  two  layers,  one  deep  into  the 
muscles,  the  other  close  beneath  the  aponeurosis  of  the  external  oblique. 
Finally,  we  still  inject  from  the  same  point  4  c.c.  in  the  direction  of  the 
end  of  the  first  injection  along  the  inguinal  ligament.  Eventually,  after 
detachment  of  the  neck  of  the  hernial  sac,  we  may  have  to  inject  again 
toward  the  internal  ring  a  little  of  the  i%  novocain  solution,  Solution  I. 

The  incision  to  expose  an  external  inguinal  hernia  runs  from  a  point 
corresponding  about  to  the  middle  of  Poupart's  ligament,  and  about  two 
fingers'  breadth  above  and  internally  of  the  same,  and  parallel  with 
it,  to  another  point  about  an  inch  beyond  the  external  ring,  where  it 
cxirves  slightly  downward  along  the  spermatic  cord;  but  it  never  extends 
beyond  the  root  of  the  penis.  After  division  of  the  skin,  subcutaneous 
fat  and  superficial  fascia,  bleeding  from  these  external  parts  is  very 
carefully  checked  and,  with  a  gauze  compress,  the  superficial  fascia  is 
stripped  bluntly  from  the  external  aponeurosis,  inward  to  the  edge 
of  the  rectus,  outward  to  the  inguinal  ligament.  This  being  done,  it  is 
generally  easy  to  feel  and  see  the  external  hernial  ring  through  which 
the  sac  and  spermatic  cord  come  out.  An  incision  is  then  made  from  the 
edge  of  the  aponeurosis  through  the  so-called  Cooper's  fascia  propria 
(thin  prolongation  of  the  external  aponeurosis)  and  the  other  accessory 
layers  covering  the  hernia,  cremaster  and  tunica  vaginalis,  until  we 
reach  the  sac  proper  and  the  spermatic  cord,  which  generally  lies  on  the 
posterior  aspect  of  the  sac,  but  sometimes  spreads  like  a  fan  and  envel- 
opes the  latter.  Then  with  a  Kocher  spatula  we  can  separate  bluntly  the 
spermatic  cord,  together  with  the  sac,  from  the  external  coats  of  the 
hernia,  and  isolate  these  two  structures  for  a  short  length  upward  and 
downward.  The  hernial  sac  is  first  lifted  by  means  of  a  dissection  for- 
ceps, later  with  the  thumb  and  forefinger  of  the  left  hand.  At  the  same 
time,  the  fascia  enclosing  the  structures  of  the  spermatic  cord  and  the 
small  bloodvessels  and  covering  the  serous  hernial  sac  is  pushed  back- 
ward ;  we  try  to  find  a  plane  of  cleavage  between  the  sac  and  the  cord,  so 
that  we  may  completely  separate  one  from  the  other.  The  vas  deferens 
adheres  often  strongly  to  the  sac.  Next  we  grasp  the  sac  with  the  left 
hand,  draw  it  strongly  upward  and,  with  a  dry  compress,  push  the 
structures  of  the  spermatic  cx)rd  downward,  till  the  tip  of  the  hernial  sac 
— I  am  speaking  now  of  non-strangulated  acquired  ruptures — which 
descends  more  or  less  low  into  the  scrotum,  is  freed.     The  tip  of  the 
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hernial  sac  is  easily  recognizable  in  most  cases  bya  transversal  fold.  If, 
while  incising  the  fascia  propria,  we  should  already  have  opened  the 
hernial  sac,  we  fasten  the  edges  of  the  accidental  slit  with  artery  forceps 
and,  to  prevent  escape  of  the  intestines,  push  through  said  slit  up  to  the 
neck  of  the  sac  a  gauze  pad  securely  held  in  a  hemostatic  clamp,  or  a 
long,  hemstitched  compress.  Then  we  pull  the  sac  strongly  forward, 
so  as  to  liberate  it  from  the  spermatic  cord  up  to  the  region  of  the 
internal  inguinal  ring,  if  possible  without  splitting  the  anterior  aponeuro- 
sis. (In  congenital  Tupturem  in  which  the  testicle  is  enclosed  within  the 
sac,  and  in  the  hemise  of  small  children  with  very  thin  sacs,  this  Ubera- 
•  tion  of  the  «ac  is  often  very  difficult.  Especially  in  children,  we  must 
frequently  be  satisfied  with  detaching  the  sac  circularly  from  the  sper- 
matic cord  at  its  point  of  emergence  from  the  external  inguinal  ring;  or, 
after  splitting  the  anterior  aponeurosis,  and  undermining  it,  treating 
said  sac  in  the  manner  now  to  be  described.)  Now  the  hernial  sac  is 
split  in  its  whole  length,  whereupon  we  must  be  careful  not  to  carry  the 
incision  too  high.  The  opening  is  best  effected  in  the  following  way: 
With  a  dissection  forceps  we  lift  a  small  superficial  fold,  incise  it  trans- 
versely with  scissors  held  flat,  introduce  a  Kocher  dissector  between  the 
hernial  sac  and  its  contents  and  on  this  dissector,  split  the  sac-walls  far 
enough  to  be  able  to  inspect  satisfactorily  the  contents.  Degenerated,  and 
especially  adherent  omentum 
is  carefully  drawn  outside,  le- 
gated in  small  bundles  and  ex- 
cised. The  stump  is  reduced 
with  the  intestines.  The  fall- 
ing again  of  abdominal  organs 
into  the  sac  may  be  prevented 
by  elevation  of  the  pelvis  or 
twisting  of  the  sac  several 
times  around  its  own  axis. 
Moreover,  the  sac  is  closed 
with  silk  by  Macewen'a  or 
Kocker's  method  in  the  way 
represented  in  Figs.  431  (page 
452)  and  441.  In  Fig.  441  the 
hernial  sac  is  freed,  opened. 
Fig.  441.  the  anterior  aponeurosis  split, 

secured  with  artery  forceps, 
and  the  spermatic  cord  is  represented  as  a  single  cylindrical  structure. 
We  transfix  the  base  of  the  hernial  sac  with  a  straight  needle  after 
ascertaining  once  again  that  no  more  abdominal  organs  are  retained 
within  the  sac.  Each  thread  is  then  tied  on  one  side,  as  represented 
in  Fig.  431,  and  one  is  carried  once  more  around  the  whole  sac.  While 
making  this  ligation,  great  care  must  be  taken  to  tie  only  the  hernial 
sac  and  not  take  any  of  the  surrounding  fatty  tissue,  as,  especially  in 
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internal  hernia,  smalt  diverticula  of  bladder-wall  may  lie  in  that  tissue, 
and  might  then  be  constricted.  The  result  after  a  few  days  would  be 
necrosis  and  perforation,  leading  to  extravasation  of  urine  and  a  urinary 
futula.  The  projecting  part  of  the  hernial  sac  is  excised.  The  thread 
constricting  the  base  of  the  same  is  at  first  left  long.  By  tugging  gently 
on  it,  we  make  sure  that  it  holds  well,  and  then  cut  it  short,  whereupon 
the  stump  generally  vanishes  in 
the  depth.  In  cases  in  which, 
on  account  of  friability  of  the 
sac,  it  was  not  possible  to  liberate 
the  whole  of  it  from  the  sper- 
matic cord,  we  may  occlude  the 
neck  by  a  silk  purse-string  su- 
ture, as  represented  in  Pig.  442. 
The  hernial  sac  is  incised  to- 
gether with  the  tunica  vaginalis 
communis;  the  edges  of  the  in- 
cision are  taken  in  hemostatic 
forceps  (numbered  1,  2,  3,  4,  to 
distinguish  them  from  those 
holding  the  external  aponeurosis) 
and  the  fine  silk  suture  is  placed 
high  on  the  neck  of  the  sac  The 
serous  membrane  is  taken  only  superficially,  so  as  not  to  run  the  risk  of 
including  in  the  suture  large  bloodvessels,  or  even  the  vas  deferens.  In 
such  cases,  the  remainder  of  the  hernial  sac  is  simply  left  adhering  to  the 
spermatic  cord,  preferably  after  being  split  from  top  to  bottom.  Espe- 
cially in  ruptures  of  young  children  we  seldom  go  to  the  trouble  of  extir- 
pating the  sac  in  toto.  We  generally  prefer  to  undermine  it  only  in  one 
place  and,  after  opening  it,  shut  it  off  from  communication  with  the 
abdomen  by  means  of  a  purse-string  suture.  This  process,  used  by 
Koenig  for  decades  and  described  in  his  text-book,  has  been  brought  for- 
ward recently  as  something  new.  In  ruptures  in  children,  I  apply  a 
dressing  with  Scfdeich'a  peptonized  paste,  not  with  collodion,  which  is 
sometimes  hard  to  remove. 


Fig.  442. 


Qoaure  of  the  Hernial  Orifice 

Czemy's  Satare  of  the  Pillara. — Beginning  at  the  upper  end  of  the 
wound,  therefore,  after  splitting  the  external  aponeurosis,  the  surgeon 
passes  a  strong  needle  threaded  with  silk  through  the  flat  muscular  body 
of  the  internal  oblique  and  transverse,  best  by  lifting  them  with  the  left 
forefinger,  and  making  the  needle  glide  along  the  tip  of  the  latter,  so  as 
to  avoid  certainly  wounding  the  peritoneum  and  the  spermatic  cord.  It 
is  good  to  take  plenty  of  muscular  tissue  in  these  stitches.  The  external 
aponeurosis  is  best  sutured  separately.    Then  we  lift  the  tendinous  shin- 
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ing  edge  of  Poupart's  ligament  (see  illustrations  for  the  Bassini  opera- 
tion) and  pass  through  said  edge  four  or  five  such  silk  stitches,  so  that 
there  only  remains  in  the  most  internal  part  of  the  wound  a  hole  just 
sufficient  for  the  cord.  The  sutures  are  tied  only  after  all  have  been 
placed,  and  tying  is  begun  by  the  uppermost  external  stitch.  Next,  the 
fascia  is  sutured  separately  with  a  few  Sick  fascial  stitches  (see  Fig.  443 
below).     Closure  without  tension  of  the  skin  with  a  few  deep  and  suirer- 


FlG.  44a 


ficial  sutures  (silk  or  agrafes) .  No  drainage.  Over  the  wound  we  apply 
several  thick  gauze  compresses  fastened  with  adhesive  plaster,  and  a 
large  dressing  with  a  snugly  adjusted  spica  of  the  hip,  shutting  off  the 
wound  particularly  securely  from  the  penis  and  scrotum.  Such  an  her- 
metical  closure  may  be  obtained  by  winding  the  bandage  (the  legs  being 
a  little  spread 'apart  and  the  pelvis  resting  on  a  support),  first  above  and 
in  front  of  the  right  supero-anterior  iliac  spine,  thence  downward  to  the 
scrotum  and  perineum,  back  of  the  left  thigh,  just  below  the  gluteal 
muscles,  and  up  again  to  the  left  antero-superior  iliac  spine.     A  few 
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such  figures  of  8  spires,  which,  in  front,  leave  free  only  the  penis,  but, 
behind,  the  whole  anal  region,  insure  an  excellent  closure,  compress 
moderately  the  scrotum,  and  prevent  the  unpleasant  hematoma  of  the 
tunica  vaginalis.    Patients  must  stay  in  bed  three  weeks. 


FlO.  444. 


Ba**ini*»  Radical  Operation.  ^This  method  aims  at  closing  com- 
pletely the  inguinal  canal  and  creating  for  the  spermatic  cord  a  new 
channel,  whose  abdominal  entrance  is  as  distant  as  possible  from  the 
exit,  and  whose  posterior  wall  is  formed  by  a  solid  muscle  pad.  Until 
after  the  ligation  of  the  hernial  sac,  the  operation  runs  exactly  as  said 
before.    If  we  have  not  yet  split  the  external  aponeurosis  (see  Fig.  443), 


466  SURGERY  OF  THE  ABDOMEN 

we  incise  it  about  an  inch  far  from  Poupart's  ligament.  The  incision 
runs  parallel  with  the  latter,  up  to  the  internal  inguinal  ring.  The 
aponeurosis  is  pushed  downward  to  Poupart's  ligament,  upward  and 
inward  till  we  can  well  see  the  flat  muscular  body  of  the  internal  ob- 
lique.   It  is  important  for  the  later  suture  of  the  aponeurosis  that  we 


should  leave  a  sufficiently  wide  strip  of  the  latter  connected  with  the 
inguinal  ligament.  The  edges  of  the  aponeurosis  (see  Fig.  444)  are  fas- 
tened withartery  forceps,  and  held  apart  from  each  other.  The  spermatic 
cord  is  secured  either  between  the  branches  of  a  Koenig  hemostat,  or 
with  a  gauze  sling,  so  it  can  be  drawn  aside.  Then  we  see  distinctly  the 
flat  muscle,  the  fascia  transversalis  bulging  from  behind,  together  with 
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the  peritoneum,  and  the  edge  of  the  inguinal  ligament.  While  the  sper- 
matic cord  is  drawn  strongly  upward  and  inward,  silk  stitches  are 
passed  through  the  muscular  fibres  and  the  edge  of  the  inguinal  liga- 
ment, beginning  in  the  outer  and  upper  angle  of  the  wound,  and  observ- 
ing the  same  precautionary  measures  as  set  forth  above  about  Czemy's 
method.  These  sutures  are  first  placed  down  to  the  inner  and  lower 
angle  of  the  wound,  and  leave  in  the  outer  and  upper  angle,  between 


Fig.  446. 


the  ligament  and  the  muscle,  a  slit  just  sufficient  for  the  cord.  After 
tying  the  knots,  we  palpate  the  line  of  suture  so  as  to  make  sure  that  the 
muscle  and  the  ligament  are  everywhere  well  approximated.  The  cord  is 
laid  over  the  line  of  suture,  best  by  pulling  on  the  testicle,  and  the  ex- 
ternal aponeurosis  is  repaired  over  the  cord  by  a  number  of  interrupted 
silk  stitches  (Fig.  446),  so  as  to  leave  only  in  the  inner  and  lower  angle 
a  narrow  fascial  slit,  which  will  be  the  new  external  ring  for  the  passage 
of  the  cord.     Suture  of  the  skin  and  after-treatment  as  above. 
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Macewen'a  Method. — Macewen  places  as  a  pad  within  the  in^inal 
canal  the  hernial  sac  coiled  on  itself  by  a  reefing  suture.  In  his  method 
the  external  aponeurosis  is  split  only  for  a  short  lengfth,  not  up  to  the 
internal  ring,  and  the  hernial  sac  is  well  isolated  up  to  said  ring  by  the 
forefinger  introduced  into  the  canal,  as  shown  in  Fig.  447.  The  free  end 
of  the  thread  is  caughtwith  a  curved  blunt  needle,  similar  to  Deschamp's, 
and  passed  through  the  external  aponeurosis  in  the  region  of  the  internal 
ring  (Fig.  448).  By  pulling  on  this  thread  and  pushing  the  coiled  sac 
with  the  forefinger,  the  sac  is  drawn  up  into  the  inguinal  canal,  and  rests 
under  the  external  aponeurosis  as  a  sort  of  cushion  blocking  the  inguinal 


canal.  Subsequently,  the  end  of  the  thread  is  knotted  with  one  of  the 
ends  of  the  thread  used  for  suturing  the  canal.  To  this  effect,  as  repre- 
sented in  Fig.  449,  the  free  ends  of  a  strong  catgut  are  passed  first  through 
the  muscle  fibres  from  within  outward,  then  through  the  inguinal  liga- 
ment, also  from  within  outward,  great  care  being  taken  meanwhile  not 
to  include  the  cord  in  the  suture.  This  mattress  suture  is  tied  over  the 
inguinal  ligament,  and,  when  the  inguinal  canal  is  wide,  a  second  is 
added,  if  needed.  The  external  aponeurosis  may  still  be  repaired  sepa- 
rately with  a  few  interrupted  sutures. 

Should  we  use  this  method,  as  many  operators  do,  we  should  prefer 
silk  to  catgut,  and  coil  the  sac  with  two  threads  instead  of  one. 
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Koeker  does  not  split  the  external  aponeurosis  and  transposes  the  sac 
laterally.  The  freeing  and  isolation  of  the  sac  do  not  differ  from  what 
has  been  described  above.  He  uses  two  methods,  the  so>called  lateral 
tranapoMttion  and  invagination  trantpoaition.  He  resorts  to  lateral 
transposition  when,  on  account  of  the  shortness,  tension,  or  lack  of  re- 
sistance of  the  sac,  or  because  the  latter  had  to  be  excised,  inversion  was 
not  possible.  In  those  cases,  he  makes  in  the  region  of  the  internal 
inguinal  ring  (Fig.  450)  a  small  transversal  or  longitudinal  incision  through 
the  external  aponeurosis,  grasps  the  tip  of  the  hernial  sac  in  a  dressing 
forceps  (Fig.  451),  and,  by  means  of  the  latter,  draws  the  sac  through  the 
inguinal  canal,  and  out  through 
the  snnall  aponeurotic  slit,  ties 
it  and  lets  it  slide  back  into  the 
abdomen.  Or  he  introduces 
a  curved  dressing  forceps 
through  the  small  slit  in  the 
aponeurosis,  pushes  it  through 
the  inguinal  canal  down  to  the 
external  ring  {Fig.  452), 
catches  there  the  tip  of  the 
hernial  sac,  draws  it  through 
the  aponeurotic  opening  and 
ties  it.  Then  the  aponeurotic 
slit  is  sutured.  Kocher  sutures 
exclusively  the  pillars.  He 
turns  inward  the  anterior  wall 
of  the  canal  (Fig.  463)  and 
unites  by  a  series  of  silk 
stitches  the  aponeurosis  of  the 
external  oblique  to  both  sides 
of  the  inguinal  canal.  The 
stitches  bite  deeply  into  the 
tissues,  and  for  the  whole 
length  of  the  canal  down  to 
the  external  ring  apply  against  each  other  large  surfaces  of  aponeurosis. 
Finally  the  pillars  of  the  external  ring  are  repaired  with  two  or  four 
stitches,  according  to  their  size,  so  that  there  is  left  just  enough  room 
for  the  cord.     Suture  of  the  skin. 

In  the  invagination  tranmpoaition  method  of  Koeker,  the  tip  of  the 
sac  (Fig.  454)  is  securely  grasped  in  acurvedandslenderforcepsprovided 
with  teeth  similar  to  those  of  a  Kocher  artery  clamp,  and  inverted  up- 
ward. The  tip  of  the  forceps  is  pushed  upward  beneath  the  aponeurosis 
of  the  external  oblique,  up  to  the  region  of  the  internal  inguinal  ring,  and 
there  pressed  against  the  aponeurosis.  A  small  slit  in  the  latter  allows 
bringing  out  the  tip  of  the  forceps  which  pushes  outward  the  fascia 
transversalis  and  the  peritoneum  (Fig.  455).    These  structures  are  incised 
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for  a  short  length,  their  edges  fastened  with  two  artery  forceps  (Fig. 
455,  below  and  on  the  left),  so  that  now  the  tip  of  theinvaginated  hernial 
sac  shows  through  the  peritoneal  slit;  it  is  then  securely  fastened  with 


Fig   460 

an  artery  clamp,  the  curved  forceps  is  opened  and  withdrawn  from  the 
inguinal  canal.  Next,  the  invaginated  hernial  sac  is  strongly  drawn  out- 
side, transfixed  and  ligated,  whereupon  the  stump  slides  back  into  the 
abdomen.    The  slit  in  the  fascia  transversalis  and  the  peritoneum  and 


the  opening  in  the  aponeurosis  are  each  closed  with  a  stitch,  and  suture 
of  the  pillars,  as  said  above  (Fig.  453),  ends  the  procedure. 

I  generally  resort  to  Kocher's  method  in  cases  of  small  hemiae  with 


SURGERY  OF  THE  ABDOMEN 


471 


solid  abdominal  walls,  and  to  Baasini'a  in  all  lairger  and  complicated  rup- 
tures. In  children  I  simply  suture  the  pillars,  after  Czemy's  method,  and 
take  in  one  single  layer  the  aponeurosis  and  the  muscle  without  making  a 
special  suture  for  the  fascia. 

Whether  or  not  we  ought  to  operate  on  the  very  large  inguinal  rap- 
tare*  which  frequently  accompany  eventrations,  is  a  hard  question  to 
answer  (see  also  above,  page  460).  When  i>atient8  do  not  urge  operation 
much,  it  is  better  to  make  them  wear  a  large  suspensory  bandage  provi- 
ded with  shoulder-straps.  But  if  they  suffer  considerable  pain  due  to  ad- 
hesions, or  if,  by  exception,  the  hernia  becomes  strangulated  despite  the 
usually  very  large  size  of  the  hernial  ring,  we  are  compelled  to  operate. 
Before  the  operation,  whenever  possible,  the  patients  must  go  through  a 


Fig.  468. 


thorough  dietetic  and  cathartic  course  of  treatment  analogous  to  that 
employed  before  the  Graser  operation  for  large  abdominal  hemis.  Every 
day  they  are  placed  for  a  long  time  with  the  hips  raised;  the  hernial  content 
is  often  manually  reduced  as  well  as  possible  so  as  to  increase  the  capacity 
of  the  abdomen.  In  most  cases  we  are  dealing  with  oid,  run-down 
patients,  so  lumbar  anesthesia  is  to  be  preferred.  The  incision  must  be 
made  on  the  long  axis  of  the  hernial  tumor,  proportional  in  length  to  the 
size  of  the  latter,  and  parallel  with  Poupart's  ligament.  Sauerbruch 
recommends,  on  account  of  the  numerous  adhesions  to  neighboring  struc- 
tures which  might  cause  post-operative  bleeding,  not  to  dissect  the  sac 
free,  and  to  close  the  hernial  orifice  by  means  of  the  rectus  muscle  of  the 
same  side,  freed  from  its  normal  connections,  displaced  laterally  and 
sutured  to  Poupart's  ligament.  But  we  create  thus  near  the  midline  an 
exceedingly  weak  spot  in  the  abdominal  wall,  all  the  more  because  the 
posterior  leaf  of  the  sheath  of  the  rectus  is  already  normally  lacking  there, 
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and  there  remains  only  the  fascia  transversalis,  the  anterior  layer  of  the 
sheath  of  the  rectus,  in  so  far  as  it  can  be  preserved,  and  the  skin.  Others 
advise  to  split  the  rectus  in  a  frontal  direction,  and  to  transpose  laterally 
only  the  anterior  half  and  su- 
ture it  to  Poupart's  ligament. 
The  treatment  of  the  sper- 
matic cord  and  of  the  testicle 
may  also  become  a  source  of 
difficulties.  Koenig  advocates 
castration  in  men  above  sixty 
years  of  age  so  as  to  be  able  to 
close  completely  the  abdomipal 
wall.  Bemhard  advises  to 
free  cautiously  the  testicle  and 
spermatic  cord  from  the  her- 
nial sac  up  to  the  internal 
inguinal  ring,  and  to  let  the 
testicle  down  into  the  abdom- 
inal cavity  through  a  slit  made 
in  the  neck  of  the  hernial  sac 
To  close  large  orifices,  we 
generally  use  Bassini's  method  and  either  excise  the  sac  in  toto  after 
transfixion  or  ligation,  or  close  it  by  several  internal  purse-string  su- 
tures (see  Fig.  442)  and  bury  it.  It  is  a  good  practice  to  take  also, 
together  with  the  fibres  of  the  internal  oblique  and  transverse,  the  edge 
of  the  rectus.  Beginning  on  the  latter,  a  large  number  of  stitches  are 
passed.  When  the  threads  are  tied,  we  press  with  the  hand  the  mus- 
cular fibres  against  Poupart's  ligament  so  that  the  threads  do  not  tear. 


Fig.  455. 


If  the  testicle  has  been  removed  or  buried  in  the  abdomen,  we  need  not 
separate  the  external  aponeurosis  and  may  include  the  latter  in  the  suture. 
The  hernial  orifice  is  completely  closed  up  to  above  the  internal  inguinal 


SURGERY  OF  THE  ABDOMEN 


473 


ring,  and  down  to  the  spine  of  the  pubis.  Woifier  detaches  the  rectus 
from  its  sheath,  in  front  and  behind,  draws  it  strongly  downward  and 
sutures  it,  together  with  the  internal  oblique  and  transverse,  to  Poupart's 
ligament 

Radical  Operation  for  Internal  Inguinal  Hernia. — In  case  of  inter- 
nal inguinal  hernia  we  do  not  have  to  provide  a  hole  for  the  passage  of 
the  spermatic  cord  as  the  latter  has  no  relation  whatever  to  this  type 
of  hernia.  The  hernia  is  exposed  through  an  oblique  incision,  the  sac 
carefully  isolated,  during  which  step  we  must  pay  particular  attention  to 
the  fatty  pad  of  tissue  lying  in  the  inner  part  of  the  wound,  and  bulging 
toward  the  operator,  as  it  often  hides  a  diverticulum  of  bladder-wall, 
which  we  must  not  wound.  The  spermatic  cord  lies  below  and  outside  of 
the  sac,  but  is  frequently  partly 
covered  by  it.  The  hernial  ring 
formed  by  the  inguinal  ligament, 
the  free  edge  of  the  internal 
oblique  and  transverse,  and  the 
edge  of  the  rectus  can  be  com- 
pletely closed,  care  being  taken 
not  to  puncture  the  epigastric 
vessels,  which  run  on  the  outer 
side  of  the  hernial  sac.  Ligation 
of  the  sac  in  the  usual  way.  Su- 
ture with  silk  of  the  edges  of  the 
rectus  and  of  the  internal  oblique 
and  transverse  to  Poupart's  lig- 
ament. The  aponeurosis  of  the 
external  oblique  is  generally  so 

thin  that  it  is  not  suitable  for  a  fig.  457. 

separate  suture. 

Inguinal  kerniae  in  women  are  operated  on  exactly  as  those  in  men. 
The  round  ligament  of  the  uterus  is  dealt  with  in  the  same  way  as  in  the 
Akxander-Adams  operation.  The  latter  being,  as  it  is,  an  operation  fre- 
quently performed  by  surgeons,  it  will  be  briefly  spoken  of  here.  It  is 
advocated  in  cases  of  movable  uterine  retroflexion.  Its  technique  has 
been  notably  simplified  by  Kocher,  and  most  gynecologists  have  adopted 
his  modification.  The  following  description  is  borrowed  from  Kocher's 
"Operative  Surgery."  Oblique  incision  in  the  inguinal  region  parallel 
with  Poupart's  ligament,  and  about  2  or  2J  inches  long  (Fig.  457).  After 
division  of  the  skin  and  superficial  fascia,  the  aponeurosis  of  the  external 
oblique  forming  the  anterior  wall  of  the  inguinal  canal  is  split  about  i  of 
an  inch  above  the  inguinal  ligament,  but  not  up  to  the  internal  inguinal 
ring.  The  search  for  the  round  ligament  issuing,  accompanied  by  a 
nerve,  from  the  internal  inguinal  ring  which,  in  women,  is  very  narrow, 
but,  however,  well  recognizable  in  most  cases  by  its  arciform  fibres,  is 
relatively  difficult,  because  said  ligament  resolves  here  into  a  large  num- 
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ber  of  small  radiating  fascicles,  which  are  inserted  into  the  labia  majora. 
In  the  manner  represented  in  Fig.  458,  a  goitre  dissector  is  introduced  in 
the  groove  concave  upward  formed  by  the  inguinal  ligament  The  mus- 
cular fibres  of  the  internal  oblique  and  transverse  between  which  runs 
the  round  ligament  are  raised  and  allowed  to  glide  off  the  tip  of  the 
spatula  until  we  recognize  well  the  grayish-white  and  generally  very 
slender  band.  The  central  end  of  the  ligament  is  grasped  between  two 
fingers  (Fig.  458.  on  the  left),  lifted  up,  in  such  a  way  that  no  tension  is 
exerted  upon  its  peripheral  end,  so  as  to  avoid  tearing,  and  drawn  out 
,  from  the  inguinal  canal,  the  soft  parts  being  at  the  same  time  pushed 


Fig.  468. 


back  with  Kocker's  spatula  or  a  dry  gauze  compress,  until  we  see  plainly 
the  peritoneal  infundibulum.  The  small  comitant  artery  is  doubly  clamped, 
cut,  and  ligated.  The  same  procedure  is  repeated  on  the  other  side,  and 
by  pulling  on  both  ligaments,  the  result  being  verified  by  vaginal  exami- 
nation, straightening  of  the  uterus  is  obtained.  Then  both  sides  are 
sutured  in  the  way  represented  in  Fig.  459  on  therightside.  Interrupted 
stitches  of  fine,  but  resistant,  silk  take  both  edges  of  the  outer  aponeuro- 
sis and  only  one-third  of  the  thickness  of  the  round  ligament.  In  the 
first  stitch,  we  can  also  include  the  peritoneal  infundibulum,  especially 
when  it  has  been  torn  open.  The  loop  formed  by  the  round  ligament  is 
thus  little  by  little  buried  under  the  external  aponeurosis  (Fig.  459,  on 
the  left). 
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Radical  Operation  for  Femoral  Ruptare.— As  regards  the  point  of 
emergence  of  femoral  hemiae,  see  Fig.  148  on  page  125.  While  exposing 
the  sac,  remember  that  the  femoral  vein  lies  directly  on  its  outer  side, 
and  that,  when  anomalous,  the  internal  epigastric  and  the  obturator  arter- 
ies may  sling  around  the  neck  of  the  sac.  This  ring  of  bloodvessels 
afforded  great  danger  of  hemorrhage  in  former  times  when  the  widening 
of  the  hernial  orifice  was  still  performed  blindly  in  the  dark  with  the 
knobbed  knife  or  scissors.  In  a  few  cases  death  resulted.  The  ring 
received  therefore  the  ominous  name  of  "funeral  wreath,"  Fig.  460  rep- 
resents, after  Graser,  a  diagrammatic  sagittal  section  of  a  crural  hernia. 
One  sees  how  the  hernial  orifice  may  be  closed  by  a  suture  of  the  falci- 
form process  to  the  pectineal  fascia  after  excision  of  the  sac. 
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Fig.  459. 


Femoral  hemiae  in  not  too  fat  subjects  may  very  well  be  operated  on 
under  local  anesthesia.  The  best  is  to  outline  a  Hackenbruch  rhomb 
(see  page  20,  Fig.  10),  and  to  select  as  first  point  of  entrance  the  vicinity 
of  the  insertion  of  Poupart's  ligament  into  the  pubis;  as  second,  the 
border  of  the  sartorius  at  the  same  level ;  and,  after  forming  lumps  in  the 
true  skin,  to  infiltrate  from  these  points  all  the  subcutaneous  tissue  down 
to  the  fascia,  with  a  i  of  1%  novocain-suprarenin  solution  (Solution  I). 
The  hernial  sac  having  been  bared  in  the  direction  of  Poupart's  ligament, 
so  that  we  see  the  inner  part  of  said  ligament,  the  oval  fossa  and  the 
fascia  lata  till  near  the  edge  of  the  sartorius,  we  inject  in  a  point  situated 
above  and  outside  of  the  neck  of  the  sac  8  or  1  dram  of  1%  novocain 
solution  (Solution  III)  beneath  the  fascia  and  Poupart's  ligament.  To 
this  effect  we  select  two  points  of  injection;  one  in  the  region  of  the 
external  inguinal  ring,  the  second  on  the  edge  of  the  sartorius.    While 
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drawing  the  sac  forward  and  placing  the  suture,  we  still  must  anes- 
thetize separately  with  a  i  of  1%  solution,  the  tissues  on  which  we  are 
working,  the  preperitoneal  fat,  and  the  pectineal  fascia  and  muscle. 
In  most  cases  we  make  an  oblique  incision  below  and  parallel  with 
Poupart's  ligament,  over  the  most  prominent  part  of  the  hernial  tumor. 
Vertical  incisions  beginning  a  little  above  Poupart's  ligament,  or  flap  in- 
cisions, are  also  employed.  Afterdividingthe  skin  and superticial fascia, 
we  push  these  away  from  the  inguinal  ligament  and  the  fascia  lata,  up- 
ward, laterally  and  downward.  Then  the  hernial  sac  is  only  covered  by 
the  sievelike  emanation  of  the  fascia 


Skin. 


-Peritoneum 


lata,  called  lamina  cribrosa,  which 
spans  over  the  oval  fossa  (Fig.  460). 
This  fascia  cribrosa  is  incised,  and 
it  then  generally  becomes  easy  to 
isolate  the  hernial  sac  from  the  fatty 
tissue  in  which  it  is  imbedded,  up 
to  the  crural  ring.  This  fatty  tis- 
sue is  stripped  olf  the  hernial  sac 
by  means  of  a  dissection  forceps 
until  we  see  the  smooth  surface  of 
the  sac  still  covered  by  the  fascia 
propria  (Cooperi),  which  is  essen- 
tially an  emanation  of  the  fascia 
transversalis.  The  dilaeerated  fatty 
tissue  is  best  excised  later  after 
ligation  of  whatever  bloodvessels 
are  therein  contained,  great  care 
being  taken  here  again  during  this 
step  not  to  drag  out  part  of  the 
bladder-wall,  which  might  be  in- 
jured. The  sac  is  opened,  the  con- 
tents inspected  and  reduced.  The 
treatment  is,  in  one  word,  the  same 
as  that  described  for  the  radical  cure 
of  inguinal  ruptures;  that  is,  the  sac  is  transfixed  high  up  and  excised  dis- 
tal to  the  constrictingltgature,  whereupon  itglides  back  into  the  abdomen. 
Here  again  Kocher  transposes  the  hernial  sac  through  a  slit  made  in  the 
aponeurosis  of  the  external  oblique,  above  the  inguinal  ligament.  There 
the  sac  is  drawn  out  (Fig.  461),  sutured  by  a  few  silk  stitches,  which  at 
the  same  time  close  the  slit  and  take  in  the  edge  of  the  inguinal  ligament, 
and  excised.  The  hernial  orifice  is  repaired  with  silk  in  the  following 
manner:  A  strongly  curved  and  powerful  needle  is  passed  first  through 
the  edge  of  Poupart's  ligament,  near  Gimbernat's  ligament  (therefore 
close  to  the  insertion  of  Poupart's  ligament  into  the  spine  of  the  pubis), 
then  in  the  depth  through  the  pectineal  fascia  and  muscle.  Three  or 
four  such  stitches  are  laid  (Fig.  461)  before  any  of  them  is  tied.     They 
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surround  in  a  line  convex  upward  tlie  edge  of  the  oval  fossa.  To  pass 
tliese  stitches,  the  left  forefinger  slipped  under  the  sharp  edge  of  the  fal- 
ciform process  pushes  outward  and  backward  the  bloodvessels,  i.e.,  the 
femoral  and  saphenous  veins,  and  the  finger-tip  is  used  to  guide  the 
needle.  The  threads  are  tied  in  successive  order,  beginning  by  the  inner- 
most, whereby  the  fascia  pectinea  and  the  pectineal  muscle  are  securely 
attached  to  the  inguinal  ligament  and  to  the  circumference  of  the  oval 


Fig.  461. 


fossa,  represented  by  the  falciform  process.  The  mode  of  closure  will  be 
readily  understood  if  one  studies  Fig.  462.  Of  course  the  femoral  vein 
must  not  be  constricted  too  much  by  that  suture. 

Salzer  tries  to  occlude  the  hernial  orifice  with  a  fascia-and-muscle  pad, 
as  shown  in  Fig.  462.  A  fascia-and-muscle  flap,  pediculated  toward  the 
median  line,  is  cut  from  the  pectineal  fascia  and  muscle,  and  sutured  into 
the  crural  ring,  which  it  must  obturate  firmly  to  the  edge  of  the  femoral 
vein.  The  fastening  stitches  bring  together  Poupart's  ligament  and  the 
fascial  and  muscular  edges. 
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A  good  way  of  closing  the  hernial  ring  was  shown  to  me  during  a 
course  in  operative  surgery  by  a  Danish  colleague  who  had  seen  a  Danish 
sui^eon  use  it  many  a  time  with  excellent  success.  It  seems  to  me  to  be 
quite  rational,  but,  unfortunately,  I  have  not  been  able  to  find  again  the 
name  of  the  author.  The  sac  being  properly  attended  to,  a  quadrangular 
flap  pediculated  downward  is  formed  at  the  expense  of  the  tough  pectin- 
eal fascia  (Fig.  463).     This  flap  corresponds  about  to  the  inner  third  of 


the  inguinal  ligament,  and  reaches  inward  till  the  insertion  of  the  latter 
into  the  pubis.  This  flap  is  folded  over  downward  and  the  pectineal 
muscle  is  lifted  up  strongly  to  the  level  of  the  inguinal  ligament  by  three 
or  four  siik  stitches  (Fig.  463) .  whereupon  the  fascial  flap  is  fastened  by  a 
few  sutures  to  the  inguinal  ligament  and  to  the  external  aponeurosis 
above  the  latter  (Fig.  464).  I  have  no  doubt  that  the  muscle  surface  coa- 
lesces better  with  the  inguinal  ligament  and  the  falciform  process  than 
the  smooth  aponeurosis,  and  that  the  overlying  fascial  flap  gives  still  ad- 
ditional security  against  recurrence.  The  relations  obtaining  after  the 
suture  are  shown  diagrammatically  on  a  vertical  section  in  Fig.  465  (com- 
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pare  also  Fig:.  460).  L  is  the  injruinal  ligament;  M,  the  pectineal  muscle; 
F,  the  fascia  pectinea. 

In  very  large  crural  hemiffi,  Trenddenburg  advises  to  splinter  off  the 
symphysis  and  pubis  a  periosteum-cartilage-and-bone  flap  a  little  less  than 
an  inch  wide  and  from  i  to  it  inch  thick,  which  remains  attached  to  the 
pelvis  only  through  the  periosteum,  and  is  liberated  far  enough  to  let  it- 
self be  carried  over  the  hernial  orifice  and  sutured  therein.  Attempts  to 
close  the  ring  by  a  silver  wire  filigree  {Goebel)  have  been  also  made  in  a 
few  cases  with  success. 

Treatment  of  Strangalated  Herniae. — Herniotomy  under  local  anes- 
thesia in  strangulated  hemise  is  an  operation  so  devoid  of  danger  per  se. 


Fig.  4S3. 


Fig.  464. 


that  it  ought  to  be  resorted  to  in  all  cases.  When  it  can  be  followed  im- 
mediately by  a  radical  operation  for  the  rupture  itself,  it  is,  when  rightly 
carried  out,  an  operation  without  any  risk  of  subsequent  complications, 
and  well  suited  to  bring  about  a  permanent  cure.  For  this  latter  reason 
also  we  ought  to  discard  altogether  taxis,  which  tries  to  do  away  with  the 
strangulation  of  the  hernia  through  elevation  of  the  pelvis  or  very  gentle 
pressure. 

A  herniotomy  for  incarcerated  hernia  does  not  differ  from  the  above- 
mentioned  procedure  as  regards  expcsing  the  neck  of  the  sac  (that  is,  the 
strangulating  ring),  and  treating  the  hernial  contents.  Skin  incision 
reaching  onto  the  aponeurosis  of  the  external  oblique  in  case  of  inguinal, 
onto  Poupart's  ligament  and  the  fascia  lata  in  case  of  femoral  hernia. 
Freeing  of  the  hernial  sac  up  to  the  inguinal  or  femoral  ring,  as  the  case 
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may  be,  and,  whenever  possible,  pediculization  of  the  sac,  which  in 
femoral  ruptures  is  generally  easy  by  the  above  described  method.  The 
rule  is  always  to  open  the  sac  before  going  any  farther  ahead,  so  as  to  be 
enlightened  from  the  outset  as  to  the  condition  of  its  contents.  The  old 
external  herniotomy,  following  Petit's  method,  in  which  the  constricting 
bands  were  divided  in  the  dark,  in  most  cases  with  a 
so-called  herniotome  (Fig.  466),  until  it  became  possible 
to  shove  back  the  hernial  contents  into  the  abdomen, 
has  fallen  into  disuse  owing  to  the  risk  of  reducing  in 
the  abdominal  cavity  loops  of  gangrenous  or  nearly 
perforated  bowel,  which  frequently  engendered  a  fatal 
peritonitis.  Consequently  we  always  open  the  hernial 
sac,  first  by  a  small  incision.  In  femoral  ruptures  the 
sac  is  very  frequently  covered  with  fat,  and  there  may 
also  be  one  or  more  overlying  cysts  from  which,  when 
incised,  a  clear  fluid  escapes,  which  may  lead  to  the 
mistaken  belief  that  we  have  already  opened  the  sac, 
and  that  the  escaping  fluid  is  that  of  the  sac.  But  we 
Fig.  466,  shall  soon  find  out  that  we  are  dealing  there  with  a 

cavity  closed  on  all  sides.  These  overlying  strata  are 
cautiously  separated  from  the  sac  proper.  As  they  form  pouches,  they 
may  be  excised  later.  In  case  of  inguinal  rupture  it  is  b^t  to  split  with 
a  sharp  knife  the  aponeurosis  of  the  external  oblique  along  the  cutaneous 
incision,  from  the  edge  of  the  external  toward  the  internal  inguinal  ring. 
The  strained  fibres  spread  rapidly  apart,  and  the  portion  of  the  hernial 
sac  lying  into  the  inguinal  canal  is  bared.  If  the  operator  is 
timid,  let  him  insert  the  tip  of  a  Roser  hook  (Fig.  110  on  page 
92)  or  a  Kocher  dissector  through  the  external  ring  under  the 
aponeurosis,  and  incise  the  latter  on  the  protective  instrument, 
which  is  slowly  pushed  upward.  If  the  hernial  sac  is  too  tense 
to  allow  the  aponeurosis  to  be  split  without  danger,  leave  the 
latter  alone  for  the  time  being,  and  open  the  sac  below  the 
point  where  it  issues  from  the  external  inguinal  ring.  When 
there  is  much  fluid  in  the  sac,  the  latter  may  be  Jn  most  cases 
easily  opened  in  the  following  way,  without  endangering  its 
contents:  With  an  anatomical  forceps  the  sac-wall  is  raised  in 
a  fold,  the  base  of  which  is  cut  into  with  a  pair  of  knobbed 
scissors  held  flat  on  the  sac.  It  is  always  useful  to  gather  in  Fig.  466. 
a  small  jar  some  of  the  fluid  gushing  out  from  the  hernial  i"**-''"- 
sac,  so  as  to  be  able  to  judge  of  its  color,  transparency,  and 
smell.  But  if  the  fluid  looks  a  little  fecaloid  and  has  an  offensive  odor, 
it  by  no  means  follows  that  we  must  expect  to  find  gangrene  of  the  gut. 
When  the  liquid  is  simply  tinged  with  red,  but  clear  and  without  foul 
smell,  complications  are  generally  not  to  be  feared.  Through  the  afore- 
said small  incision,  a  grooved  director  is  slipped  between  the  hernial  con- 
tents and  the  sac,  and  the  incision  is  lengthened  until  we  can  deliver  the 
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organs  out  of  the  sac  and  draw  them  forward.  It  is  a  good  practice  to 
secure  the  edges  of  the  hernial  sac  by  hanging  artery  forceps  to  them, 
especially  when  the  splitting  is  carried  at  once  high  up  to  the  region  of 
the  incarcerating  ring  (a  procedure  which,  however,  I  do  not  advocate). 
If  we  are  still  in  doubt  as  to  what  we  have  before  us  being  truly  the  sac, 
we  may  with  two  dissection  forceps  dilacerate  the  overlying  membranes, 
push  a  grooved  director  underneath,  and  split  over  the  latter  in  the  direc- 
tion of  the  hernial  ring.  If  this  does  not  lead  us  into  a  free  cavity,  the 
same  is  repeated  on  the  underlying  layer  of  tissue  until  we  have  plainly 
before  us  omentum  or  dark  blue-reddish  intestine  or  until  the  red-stained 
hernial  liquid,  generally  scanty  in  those  cases,  flows  out.  It  is  not  enough 
then  to  inspect  only  the  parts  contained  within  the  sac;  we  must,  on  the 
contrary,  gain  access  to  the  segment  pinched  in  the  strangulating  ring. 
But,  to  do  this,  we  must  not  pull  violently  on  the  external  parts,  as  other- 
wise thinned  points  of  the  intestinal  wall  might  tear  out  completely  and 
intestinal  contents  leak  into  the  wound.  If  very  gentle  pulling  does  not 
reach  the  desired  aim,  the  hernial  ring  must  be  widened,  always  under  the 
control  of  the  eye,  and  not  with  the  herniotome  (which,  in  former  times, 
was  slipped  flat  under  the  constricting  bands,  then  rotated  cutting  edge 
outward  to  divide  said  bands),  because  this  older  method  may  easily  re- 
sult in  unseen  and  unnoticed  injuries  to  bloodvessels.  When,  on  the  con- 
trary, we  incise  from  without  inward,  such  vascular  lesions,  when  pro- 
duced, are  forthwith  detected,  and  can  be  made  harmless  by  clamping 
and  ligation.  As  the  incarcerating  agent  lies  almost  always  in  the  her- 
nial ring  and  not  in  the  neck  of  the  hernia,  it  is  not,  in  the  main,  logical 
systematically  to  split  the  ring  from  within  the  sac  outward,  that  is,  after 
incising  the  neck  of  the  sac.  We  always  try  to  insert  between  the  sac 
and  the  incarcerating  ring  a  Kocher  spatula  or  the  tip  of  a  Roser  hook, 
and  to  divide  the  constricting  bands  one  at  a  time  over  this  spatula  or 
hook,  or  between  two  mouse-tooth  forceps  with  which  said  bands  are 
raised  from  the  hernia  itself. 

We  may  also  oftentimes  incise  satisfactorily  the  strangulating  ring 
over  the  tip  of  the  left  forefinger  introduced  into  the  sac  and  acting  as  a 
guide.  However,  this  technique  ife  almost  never  applicable  to  the  femoral 
ring,  and  there  we  always  use  the  Roser  hook.  Here  we  must  also  be 
very  conservative  in  the  division  of  the  constricting  bands,  which  origi- 
nate in  the  falciform  iNX>cess,  the  inguinal,  and  Gimbernat's  ligaments; 
and,  above  all  things,  we  must  avoid  as  much  as  possible  severing  com- 
pletely the  inguinal  ligament,  as  otherwise  we  should  create  in  the  ab- 
dominal wall  a  very  weak  spot,  through  which  large  recurrences  might 
force  their  way.  If  we  must  of  necessity  cut  completely  the  ligament, 
we  must  always  subsequently  repair  it  thoroughly  by  suture.  We  then 
exert  cautiously  a  gentle  traction  on  the  bowel,  to  see  if  it  comes  out 
freely.  Strangulated  or  adherent  omentum  is  always  excised,  after  being 
divided  in  very  small  bundles,  at  most  thick  as  a  pencil,  and  ligated,  gen- 
erally with  catgut.    Beware  of  large  ligation  en  masse  of  the  omentum. 
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Occasionally  it  so  happens  that  the  latter  is  prolapsed  so  as  to  form  a  loop, 
the  free  end  of  which  does  not  lie  within  the  hernial  sac,  but  remains 
in  the  abdomen.  If,  in  such  a  case,  we  simply  ligate  and  cut  oflf  the  pro- 
lapsed part  within  the  sac,  the  free  end  is  completely  shut  oflf  from  its 
blood-supply.  When  replaced  into  the  abdomen  with  the  genuine  stump, 
it  behaves  like  a  necrotic  body.  It  undergoes  resorption  in  favorable 
cases,  causes  adhesions  in  others,  but  also  may,  and  sometimes  really  did, 
start  a  fatal  peritonitis.  Therefore  always  draw  the  omentum  out  until 
its  free  edge  is  seen,  and  ligate  in  sound  omental  tissue.  Broad  stiunps, 
such  as  result  from  ligation  en  masse  of  the  omentum,  are  hard  to  reduce 
through  the  ring,  and  often  lead  to  the  development  of  troublesome  adhe- 
sions. Ligation  is  performed  by  carrying  around  a  bundle  of  omentum 
by  means  of  a  Roser  hook,  or  a  Deschamp  needle,  or  simply  a  dissection 
forceps,  a  catgut  of  suitable  size.  The  omentum  is  severed  not  too  near 
the  catgut,  which  is  at  first  left  long,  and  the  same  procedure  is  continued 
until  all  the  hernial  omentum  has  been  excised.  Then  the  stump  is  in- 
spected once  more  to  see  if  there  is  any  bleeding,  the  catgut  threads  are 
cut  short,  and  the  stump  let  go.  Now  the  prolapsed  intestine  is  sub- 
mitted to  a  thorough  examination  by  the  eye  and  the  finger.  If  its  con- 
sistency feels  normal;  if  its  bloodvessels  pulsate;  if,  after  being  left  a 
few  minutes  outside  of  the  abdomen  covered  with  a  gauze  compress  im- 
bibed with  salt  solution,  it  resumes  quickly  its  normal  color;  if  its  sur- 
face, up  to  the  constricting  ring,  is  smooth  and  shining;  if  it  dilates 
quickly;  if  folds  produced  by  lifting  it  with  the  finger  disappear  quickly, 
the  intestinal  wall,  even  if  hemorrhagic  foci  are  present  within  it,  is  cer- 
tainly intact  and  the  loop  can  be  reduced  without  hesitation.  On  the 
other  hand,  if  the  bowel  is  flabby,  discolored,  thin,  flattened;  if  it  re- 
mains blackish  and  keeps  permanently  the  imprint  of  constricting  bands, 
it  is  deemed  gangrenous,  and  must  not  be  replaced  into  the  abdomen. 
Between  these  two  extremes  there  are  numerous  transition  stages  in 
which  a  decision  requires  much  experience.  A  minor  expedient  to  ascer- 
tain the  persistency  of  the  circulation  in  the  gut  is  to  scratch  the  latter 
superficially  and  to  watch  if  bright  red  blood  of  normal  appearance  oozes 
from  the  scratch.  But  if  the  loop  of  intestine,  after  being  kept  outside 
of  the  abdomen  for  about  five  minutes,  protected  against  evaporation  and 
cooling,  does  not  look  more  normal,  it  is  highly  hazardous  to  reduce  it. 
Erosions  of  the  serous  coat  are  carefully  buried  under  a  Lembert  suture 
(see  below,  Intestinal  suture).  The  same  treatment  is  applied  to  the 
furrow  resulting  from  the  constriction  if  there  are  scattered  points  where 
the  walls  are  seemingly  thinned.  If  the  general  condition  of  the  patient 
allows,  if  the  gut  is  not  yet  perforated,  if  there  is  as  yet  no  pus  or  phleg- 
monous inflammation  in  the  hernial  sac,  in  which  latter  case  the  afferent 
and  efferent  loops  are  already  in  most  cases  matted  by  adhesions  with  the 
sac,  and  there  is  no  fear  of  seeing  a  general  peritonitis  develop,  resec- 
tion of  the  gangrenous  intestinal  segment  with  closure  of  both  ends  and 
side-to-side  anastomosis,  either  in  peristaltic  or  antiperistaltic  direction. 
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(see  below,  Intestinal  resection)  must  be  resorted  to.  Whether  we  must 
subsequently  make  a  temporary  intestinal  fistula  above  the  anastomosis 
depends  on  the  condition  of  the  patient  and  of  the  degree  of  intestinal 
distention,  as  well  as  that  of  peritoneal  reaction.  When  the  gangrenous 
loop  adherent  to  the  hernial  sac  has  already  perforated,  we  simply  enlarge 
the  perforation  by  removing  the  gangrenous  loop,  after  protecting  by  an 
iodoform  gauze  packing  the  rest  of  the  wound  (which  naturally  remains 
open)  against  too  intimate  a  contact  with  the  virulent  intestinal  contents. 
Leaving  outside  the  abdomen  a  suspicious  loop  with  the  idea  of  restoring 
it  within  the  abdomen  after  a  few  days,  should  it  prove  healthy,  is  not 
a  very  advisable  procedure,  as  in  order  to  insure  a  good  blood  circulation 
in  said  loop,  we  must  split  the  neck  of  the  sac  high  up  till  the  normal  peri- 
toneum, and  consequently  make  a  hemio-laparotomy.  Asepsis  is  difficult 
to  maintain,  and  peritonitis  after  reposition  of  the  loop  is  not  always 
surely  prevented. 

For  the  reposition  of  the  intestinal  loop,  we  first  squeeze  out  with 
the  fingers  the  contents  of  the  afferent  and  efferent  ends,  and  begin  by 
pushing  back  into  the  abdomen  the  part  next  to  the  hernial  ring.  If  the 
gut  is  strongly  distended  with  gas,  we  may  let  the  latter  escape  through 
a  puncture  made  with  a  fine  Pravaz  needle.  We  first  prick  parallel  with 
the  surface  into  the  subperitoneal  tissue,  then  drive  the  needle  obliquely 
through  the  muscular  and  serous  coats.  We  thus  make  an  oblique  punc- 
ture canal,  the  walls  of  which  apply  spontaneously  against  each  other, 
but  which  may  still  be  closed  more  safely  by  one  or  twoLembert  sutures. 
If  resection  of  the  bowel  has  been  performed,  it  is  advisable  to  introduce 
through  the  neck  of  the  sac  into  the  abdominal  cavity  an  iodoform  gauze 
wick  for  capillary  drainage  (see  below  about  Peritonitis)  and  therefore 
not  to  close  completely  the  sac  and  external  wound.  Rather  accept  the 
risk  of  ulterior  abdominal  hernia  than  that  of  perforation  of  an  intestinal 
loop  into  the  completely  closed  peritoneal  cavity.  At  post  mortems  the 
suspected  loop  is  invariably  found  still  in  the  vicinity  of  the  hernial  ori- 
fice, so  that,  in  case  of  perforation,  escape  of  the  intestinal  contents  out- 
side through  the  opening  in  the  abdominal  wall,  instead  of  into  the  peri- 
toneum, is  always  possible.  But  if  the  intestinal  loop  is  absolutely  above 
suspicion,  a  radical  hemioplasty  by  any  of  the  approved  methods  may  be 
made  immediately.  Consequently,  the  earlier  strangulated  hernias  come 
to  operation,  the  more  certain  we  are  of  getting  the  patient  rid  for  all 
time  of  his  complaint.  Therefore,  here  also,  an  early  diagnosis  and  an 
early  operation  are  two  of  the  most  important  factors  of  recovery. 
Among  rarer  kinds  of  hernias  we  might  still  cite  the  following: 
Obturator  Hernia. — If  we  have  made  the  diagnosis  of  strangulated 
obturator  hernia— only  in  this  condition  will  they  ever  come  for  treatment 
— particularly  on  account  of  pains  radiating  in  the  territory  of  the  ob- 
turator nerve  from  the  obturator  foramen  downward  toward  the  inner 
aspect  of  the  thigh,  of  the  presence  of  a  tender  bulging  below  and  me- 
dially of  the  crural  canal  and  of  the  existing  signs  of  intestinal  obstruc- 
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tion,  we  shall  incise,  the  thigh  being  in  flexion  and  abduction,  through 
Scarpa's  triangle,  from  the  inguinal  ligament  down  to  the  apex  of  the 
triangle,  about  an  inch  medial  to  the  femoral  artery,  through  the  skin,  sub- 
cutaneous tissue,  and  fascia  (look  out  for  the  saphenous  vein).  Having 
found  the  interstice  between  the  fibres  of  the  adductor  longus  and  the 
pectineus,  which  run  downward  and  outward,  we  shall  draw  the  blood- 
vessels outward  by  means  of  broad  blunt  hooks,  and  press  onward  between 
the  above-named  muscles,  the  lower  border  of  the  pectineus  being  to  that 
effect  strongly  retracted  upward  and  outward,  or  even  to  secure  better 
accessibility,  completely  divided  across.  Beneath  these  structures  appears 
the  hernial  sac,  which  is  isolated  up  to  the  ring.  The  latter  is  prudently  in- 
cised from  without  inward,  by  light  strokes  of  the  knife  so  as  not  to  injure 
the  obturator  artery,  which  generally  lies  on  the  outer  side  of  the  neck  of 
the  sac;  or,  still  better,  superficial  notches  are  cut  in  several  places,  until 
the  strangulated  loop  can  be  delivered  outside.  Should  it  slip  back  into  the 
abdomen,  laparotomy  must  be  performed  above  the  inguinal  ligament,  best 
in  the  inverted  position,  to  inspect  thoroughly  the  intestines.  The  sac  is 
treated  in  the  usual  way.    The  soft  parts  are  repaired  by  a  few  stitches. 

hchiatic  Hernia. — This  very  uncommon  variety  emerges  in  most 
cases,  according  to  Garri,  above  the  great  sacrosciatic  ligament,  through 
the  lesser  sacrosciatic  notch,  between  the  gluteus  minimus  and  piriformis 
muscles,  beneath  the  gluteus  maximus  and  the  gluteus  medius,  and 
together  with  the  gluteal  vessels.  To  expose  it,  make  a  long  incision  from 
the  postero-superior  iliac  spine  to  the  tip  of  the  greater  trochanter,  cor- 
responding to  the  direction  of  the  fibres  of  the  gluteus  maximus,  split 
this  muscle  parallel  with  its  fibres,  draw  the  gluteus  medius  upward  and 
outward,  or  cut  a  notch  into  its  edge,  so  as  to  see  well  the  gluteus  mini- 
mus and  the  piriformis,  as  a  good  view  is  the  best  way  to  avoid  wounding 
the  gluteal  vessels.  The  sac  is  very  carefully  freed  by  dull  dissection, 
during  which  step  we  watch  carefully  the  position  of  the  artery,  so  as  not 
to  impinge  on  the  latter  when  we  shall  cut  into  the  incarcerating  ring 
several  superficial  indentations.  If  the  gut  cannot  be  freed,  laparotomy 
in  the  inverted  position  and  a  search  for  the  strangulated  loop  from  with- 
in the  pelvis  must  be  resorted  to. 

Lumbar  Hernia.— This  variety  which,  according  to  Brawn,  escapes 
either  through  Petit's  triangle  (gap  between  the  iliac  crest,  the  insertion 
of  the  latissimus  dorsi  and  that  of  the  external  oblique  of  the  abdomen) 
or  just  above  the  iliac  crest  through  a  gap  between  some  fascicles  of  the 
tendinous  insertion  of  the  latissimus  dorsi,  has  been  the  object  of  opera- 
tive interference,  both  in  its  reducible  and  strangulated  forms.  When  a 
diagnosis  has  been  made,  proceed  as  for  any  hernia  and  close  the  orifice 
by  several  tiers  of  silk  sutures. 

Diaphragmatic  Herniae. — If,  in  an  internal  obstruction  of  unknown 
cause,  we  find  at  operation  a  diaphragmatic  hernia,  or  if  we  may  conjec- 
ture a  priori  the  existence  of  one  (for  which  diagnosis  anamnesis  of 
injuries  which,  from  their  nature  and  direction,  are  likely  to  have  in- 
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volved  the  left  side  of  the  diaphragm,  plays  an  important  r61e),  the  her- 
nial sac  must  be  reached  through  the  pleural  cavity.  Finding  the  hernia 
and  pulling  out  the  incarcerated  contents  has  sometimes  been  done  suc- 
cessfully through  a  laparotomy  followed  by  enlarging  of  the  hernial  ori- 
fice ;  but  the  latter  cannot  be  closed  completely  through  the  abdominal 
route.  The  procedure  is  very  similar  to  that  of  exposure  of  the  convex 
surface  of  the  liver  (see  Figs.  422  and  423,  on  pages  ^0  and  431),  except 
that  we  are  obliged  to  open  the  pleura  without  previously  making  a  quilted 
suture.  After  extensive  resection  of  the  eighth  and  ninth  ribs,  and  open- 
ing of  the  chest  cavity,  the  lower  edge  of  the  lung  is  grasped  with  a  lung 
forceps  (Fig.  417,  page  414)  and  the  lung  thereby  brought  out  on  a  level 
with  the  external  wound.  The  lung  and  the  upper  edge  of  the  wound  are 
covered  with  a  large  gauze  pad,  and  held  upward  by  a  broad  retractor  or  the 
hand  of  an  assistant  in  such  a  way  as  to  give  as  wide  an  access  as  possible  to 
the  upper  convex  surface  of  the  diaphragm.  There  is  generally  no  hernial 
sac.  The  hernial  ring  having  been  enlarged,  the  omentum  covering  the 
displaced  viscera,  gut,  strangulated  stomach,  or  spleen,  is  first  drawn 
toward  the  operator  and  resected  after  being  tied  in  small  bundles.  Then 
the  intestines  are  inspected  and  treated  according  to  the  findings.  Should 
we  be  compelled  to  resect  some  bowel,  we  must  protect  very  carefully  the 
pleural  cavity  against  infection  by  packing.  The  abdominal  organs  are 
restored  to  their  normal  position ;  an  abdominal  towel  (see  below)  is  spread 
in  the  wound;  the  diaphragmatic  peritoneum  is  brought  into  the  wound  as 
much  as  possible,  and  both  edges  approximated  with  a  continuous  or  in- 
terrupted silk  suture.  When  this  is  tied,  the  abdominal  towel  is  with- 
drawn little  by  little.  Over  this  suture  the  muscle  is  reunited  by  separate 
silk  stitches  applying  broad  surfaces  against  each  other,  and  the  dia- 
phragmatic pleura  is  closed  by  a  continuous  suture.  When  the  sutured 
place  in  the  diaphragm  is  near  the  thoracic  wall,  the  diaphragm  is  included 
in  the  suture,  and  drawn  against  said  wall.  Should  infection  of  the 
pleura  develop,  it  goes  without  saying  that  it  must  be  drained  as  early  as 
possible.  A  similar  technique  is  applicable  in  wounds  of  the  diaphragm, 
the  diagnosis  of  which  can  be  inferred  from  the  manner  in  which  the  in- 
jury was  produced,  or  from  the  presence  of  prolapsed  omentum.  We  go 
through  the  external  wound  after  widening  it  in  the  direction  of  the 
ribs,  reach  the  diaphragm,  resect  prolapsed  omentum,  and  repose  dis- 
placed intestines  into  the  abdominal  cavity.  The  diaphragmatic  wound 
is  then  sutured  in  layers,  and  the  pleura,  after  careful  mopping  out  of 
the  blood,  is  closed  if  a  concomitant  injury  of  the  gastro-intestinal  tract 
has  not  smeared  it  with  digestive  contents.  Intra-abdominal  bleeding 
must  be  checked  through  a  laparotomy  incision. 

(e)  Abdominal  Wounds 

A  distinction  has  been  established  between  wounds  of  the  abdominal 
parietes  exclusive  of  the  peritoneum,  and  perforating  wounds.    Even  in 
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case  of  superficial  wounds  great  caution  is  necessary,  and  the  existence 
of  a  penetrating  wound  can  be  denied  only  after  a  careful  examina- 
tion. First,  the  abdomen  is  thoroughly  disinfected,  best  with  alcoholic 
soap  tincture,  alcohol,  and  vigorous  swabbing  with  tincture  of  iodin. 
During  this  disinfection,  whatever  parts  of  bowel  may  protrude  are 
covered  with  sterile  towels  or  compresses.  Next,  the  operative  field  is 
well  circumscribed  with  towels,  the  edges  of  the  wound  are  drawn 
apart  with  sharp  hooks,  and  the  wound,  which  must  be  enlarged  when- 
ever necessary,  is  followed  from  its  surface  down  to  its  bottom.  If  the 
wound  is  clean  and  does  not  involve  the  peritoneum,  we  may  place  a 
drain  and  suture  the  abdominal  wall  in  layers,  in  the  manner  described 
before. 

In  penetrating  wounds  in  civil  practice,  we  ought,  as  a  rule,  to  act 
more  energetically  than  in  military  field  work,  provided  of  course  that  we 
can  operate  on  the  patient  in  a  hospital  or  under  such  conditions  as  will 
enable  us  to  cope  with  any  eventuality.  On  the  battlefield,  expectant 
treatment  in  penetrating  wounds  of  the  abdomen  caused  by  modem  fire- 
arms, may  give  in  statistics  a  better  percentage  of  recoveries  than  sys- 
tematic surgical  interference ;  but,  on  the  contrary,  in  hospitals  we  unques- 
tionably get  better  results  from  the  latter,  and  it  is  more  rational  than 
waiting  for  the  symptoms  of  wounds  of  internal  organs  to  develop.  If, 
in  such  a  penetrating  wound,  we  have  also  a  protrusion  of  abdominal 
organs,  the  wound,  if  it  is  small,  must  be  enlarged  little  by  little  from 
the  surface  toward  the  depth,  until  the  protruding  part  can  be  drawn  out 
a  little  farther.  Any  omentum  that  has  been  exposed  outside  is  excised, 
prolapsed  intestine  is  freely  flushed  with  large  quantities  of  warm  (104**) 
physiological  salt  solution,  carefully  dried,  and  reduced.  In  case  of 
wounds  of  other  abdominal  organs,  do  as  is  told  farther  along  in  para- 
graphs relating  to  each  one  of  them.  While  replacing  prolapsed  parts, 
the  abdominal  walls  are  lifted  up  by  means  of  the  peritoneal  clamps  or 
blunt  retractors  introduced  into  the  peritoneal  cavity.  Reposition  is  be- 
gun by  the  parts  nearest  to  the  pedicle,  and  carried  on  progressively. 
When  all  has  been  replaced,  an  abdominal  towel  is  spread  flat  between 
the  parietal  peritoneum  and  the  intestines,  which  tend  to  escape  again 
from  the  abdominal  cavity.  The  peritoneum  is  repaired  by  a  continuous 
or  interrupted  suture,  and,  as  closure  progresses,  the  abdominal  towel  is 
little  by  little  withdrawn,  so  that,  just  before  tying  the  last  knot,  there 
remains  only  a  small  corner  to  pull  out.  The  abdominal  wall  is  repaired 
as  said  above  (see  also  pages  489  and  following). 


(B)  Surgery  of  the  Gastro-Intestinal  Tract 

Whenever  we  open  the  peritoneal  cavity,  it  is  our  duty  to  prevent  as 
much  as  possible  bacteria  from  entering  it  from  outside  or  from  the  gas- 
tro-intestinal  tract.    As  a  perfect  asepsis  can  never  be  obtained,  especi- 
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ally  in  long  operations,  as  already  said  in  the  first  chapter  of  this  book 
(see  page  4),  we  must  at  least  strive  to  reduce  to  the  smallest  possible 
number  the  bacteria  that  come  into  the  peritoneal  cavity.  We  reach  this 
aim  by  shortening  the  duration  of  operations,  by  gathering  the  bacteria 
before  they  get  in  the  free  abdominal  cavity,  by  shutting  oflf  as  exactly 
as  possible  from  the  operative  field  those  parts  of  the  abdomen  which  we 
need  not  bring  directly  into  the  wound;  and  also,  whenever  possible,  by 
drawing  outside  of  the  abdomen  the  organ  or  organs  on  which  ^e  are 
operating.  This  exteriorization  of  the  operative  field  becomes  most  essen- 
tial in  those  operations  in  which  we  open  the  gastro-intestinal  tract  and 
cannot  possibly  avoid  the  soiling  of  the  immediate  vicinity  of  the  wound 
by  intestinal  matter.  Fortunately  for  the  patient,  the  peritoneum  is  able 
to  take  up  readily  and  destroy  a  great  number  of  bacteria.  Only  when 
the  infectious  agent  is  very  virulent  and  abundant,  when  also  the  defen- 
sive power  of  the  organism  and  of  the  peritoneum  is  low,  shall  we  wit- 
ness the  development  of  an  infection 
of  the  general  abdominal  cavity,  or  of 
a  local  peritonitis  soon  walled-off  from 
the  surrounding  organs  by  adhesions 
between  the  parietal  and  visceral  per- 
itoneal layers.  Those  cases  of  local 
peritonitis  lead  subsequently  to  ab- 
scesses or  adhesions.  Abscesses  must 
of  course  be  qpened  when  they  do  not 
spontaneously  break  through  into  the 
bowel  or  outside.  Adhesions  do  not 
always  remain  permanent.  In  time 
they  may  sometimes  loosen.  Mikvlicz 
tried  to  raise  the  defensive  power  of 
the  peritoneum  by  flushing  freely 
the  abdominal  cavity  with  physiologi- 
cal saline  solution,  and  injecting  sub- 
cutaneously  in  the  pectoral  region  a 

neutralized  2%  nucleinic  acid  solution,  in  the  dose  of  about  50  c.c.  in 
adults,  ten  to  twelve  hours  before  operation.  The  resulting  leucocytosis, 
according  to  the  studies  of  Mikulicz's  school,  raises  very  notably  the  re- 
sistance of  the  body  against  infection. 

Walling'off  of  the  Operative  Field. — We  limit  the  operative  field 
with  gauze  compresses,  care  being  taken  not  to  let  them  slip  into  the  ab- 
dominal cavity,  where  they  pass  out  of  sight  and  may  be  forgotten.  To  this 
effect  Mikulicz  used  the  so-called  bead  compress,  represented  in  Fig.  467, 
consisting  of  a  gauze  piece  folded  six  or  eight  times,  hemstitched  on  its 
edges,  so  that  no  threads  can  get  loose  and  be  lost  into  the  abdominal 
cavity,  where  they  might  start  an  irritative  process  or  even  adhesions. 
On  one  of  its  comers  the  compress  is  provided  with  a  stout  cotton  thread, 
to  which  is  fastened  a  thick  glass  bead  or  a  porcelain  ball  (the  balls  carry 


Fig.  467. 
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consecutive  numbers).  Balls  and  cotton  threads  remain  always  outside 
the  abdomen  and  indicate,  especially  when  numbered,  the  number  and 
position  of  the  different  pads.  We  generally  use  gauze  compresses  (Ion- 
guettes)  twenty  inches  long  and  a  little  wider  than  the  hand,  and  so  dis- 
posed that  the  ragged  edges  are  never  on  the  surface,  but  always  tucked 
inside.  To  wipe  organs  in  the  abdominal  cavity,  never  use  ordinary 
gauze  sponges,  held  in  a  thumb  or  dressing-forceps,  but  fasten  them 
carefully  in  hemostatic  clamps  or  sponge-holders  and  never  leave  any  in 
the  abdomen  for  more  than  a  short  time.  Long  compresses  are  never  in- 
troduced more  than  partly  in  the  abdominal  cavity.  If  only  a  short  end 
remains  out,  an  artery  forceps  must  be  hung  to  it.  I  consider  inadvert- 
ently leaving  clamps  within  the  abdominal  cavity  an  impossible  contin- 
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gency  when  one  operates  with  care,  and  I  do  not  know  of  any  operation 
in  which  we  should  be  compelled  to  use  clamps  so  far  in  the  depth  that 
we  could  not  have  them  under  permanent  control  of  the  eye  in  the  opera- 
tive wound.  A  good  way  to  guard  against  forgetting  compresses  in  the 
abdomen  is  to  count  them  exactly  before  operation,  and  to  compare  the 
number  of  used  compresses  plus  those  unused  on  hand  with  the  original 
number.  Always  review  the  wound  very  accurately  before  closing  the 
abdominal  cavity. 

The  rules  to  protect  against  leakage  of  gastro-intestinal  contents  into 
the  abdominal  cavity  will  be  set  forth  farther  on. 

To  render  organs  accessible,  once  the  peritoneum  is  opened,  the  ab- 
dominal walls  must  be  drawn  laterally.  This  is  effected  by  means  of 
specially  made  abdominal  retractors,  which  have  no  pointed  ends,  as  other- 
wise the  soft  and  friable  organs  of  the  abdomen  could  be  very  easily 
wounded.  There  exist  an  enormous  number  of  such  retractors.  Figs. 
468,  469,  and  470  show  a  few  models.     Fig.  470  represents  Fritsch's  re- 
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tractor,  which  is  placed  in  the  angle  of  the  wound,  Fig.  469  a  lateral 
retractor,  and  Fig.  468  different  shapes  of  blunt  hooks. 

As  regards  the  algetic  sensibility  of  the  peritoneum  in  human  sub- 
jects, we  are  still  guided  by  Lennander's  experiments  and  researches. 
According  to  Lennander  the  parietal  peritoneum  is  the  only  one  sensitive 
to  pain,  while  the  serous  lining  of  the  abdominal  organs,  and  these  organs 
themselves,  which  are  innervated  exclusively  by  the  sympathetic  nerve, 
have  no  sensibility  to  pain.  Manipulation  of  those  parts  causes  pain 
only  when  they  adhere  to  the  parietal  peritoneum,  or  when  the  inflam- 
mation originating  in  the  organs  implicates  the  latter.  Pulling  on  the 
mesentery  causes  generally  very  severe  pain. 

(a)  Injuries  of  the  Gastro-Intestinal  Tract 

If,  in  a  case  of  wound  of  the  gastro-intestinal  tract  or,  more  generally, 
of  any  abdominal  organ,  after  opening  widely  in  the  median  line  or  through 
the  external  wound,  we  see  blood  gush  out,  or  intestinal  contents  escape, 
we  remove  the  same  as  completely  as  possible  with  dry  gauze  sponges. 
Thereupon,  as  a  rule,  the  omentum  is  the  first  organ  to  appear.  It  is 
drawn  out  and  examined  most  searchingly  for  wounds.  If  extensively 
destroyed,  it  is  excised  in  small  portions.  If  there  are  only  small  rounded 
wounds,  or  transversal  or  longitudinal  cuts,  we  can  separate  from  each 
other  the  two  omental  layers,  clamp  the  different  vessels,  and  ligate  them 
with  fine  catgut  or  silk.  Then  we  close  the  slit  in  the  omentum  with  a 
few  stitches  of  finest  silk  (see  Lembert  suture,  below).  While  passing 
these,  we  must  take  pains  not  to  prick  other  bloodvessels.  If  the  omen- 
tum is  intact  and  the  presence  of  blood  announces  a  wound  of  a  large 
bloodvessel,  we  must  go  farther  in  our  quest  for  the  source  of  bleeding. 
For  this  purpose,  after  the  omentum  has  been  folded  upward  and  laid 
between  warm  dry  towels  or  compresses,  we  grasp  the  nearest  loop  of 
intestine,  draw  it  outside  and  follow  it  in  both  directions,  at  the  same 
time  unfolding  the  mesentery  as  a  fan  to  also  examine  it  for  wounds. 
Once  it  is  inspected,  every  loop  is  always  immediately  replaced  until  we 
come  back  to  that  originally  di'awn  out,  which  is  held  firmly  outside  in 
a  compress  by  an  assistant.  Avoid  as  much  as  possible  total  evisceration 
of  the  intestines.  All  parts  of  bowel  that  have  to  be  kept  outside  for  a 
certain  length  of  time  must  be  covered  with  warm,  dry,  sterile  towels, 
and  thus  protected  against  cooling  and  drying  of  their  surface.  Moist 
towels  cool  much  quicker  and  take  natural  warmth  away  from  the  under- 
lying intestines. 

Small  holes  in  the  mesentery  must  be  well  enlarged.  Bleeding  vessels 
are  clamped  one  after  the  other  on  both  sides.  Large  ones  are  ligated 
with  silk,  small  with  catgut,  and  the  slit  is  closed  with  finest  silk  by  a 
Lembert  peritoneal  suture  (described  farther  on).  While  so  doing,  care- 
fully avoid  pricking  any  more  bloodvessels.  If  this  little  mishap  occurs, 
we  see  at  once  a  small  hematoma  spread  more  or  less  between  the  two 
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layers  of  the  mesentery.  As  a  rule,  in  such  cases,  it  will  be  necessary  to 
ligate  mediately  the  punctured  vessel  with  fine  silk  or  catgut.  If  we 
find  the  mesentery  contused  or  torn  from  the  bowel  for  a  considerable 
length,  the  capital  question  is  to  find  out  whether  the  corresponding  in- 
testinjil  segment  may  still  survive  or  is  likely  to  undergo  necrosis.  The 
most  essential  signs  of  intestinal  gangrene  have  been  already  mentioned 
on  page  482.  Watch  particularly  the  pulsations  of  bloodvessels.  When 
gangrene  seems  likely  to  occur,  the  doubtful  segment  of  intestine  must 
of  course  be  resected  (see  farther  below).  If,  after  examination  of  the 
whole  gastro-intestinal  tract  (for  examination  of  the  upper  abdomen,  the 
head  end  of  the  operating  table  must  be  raised,  while,  on  the  contrary, 
the  patient  must  be  broughtto  the  high  pelvic  inverted  position  when  the 
lower  abdomen  and  the  lesser  pelvis  are  inspected),  the  originof  the  blood 
has  not  been  found,  the  hemorrhage  may  come  from  the  parenchymatous 
organs  of  the  abdomen  or  of  the  large  bloodvessels  of  the  posterior  ab- 
dominal wall.  In  the  former 
case,  proceed  as  will  be  said  when 
injuries  of  the  different  organs 
will  be  treated  of.  In  the  latter, 
the  wounded  vessel  must  be 
found  and  ligated.  In  case  of 
urgency,  pack  against  the  bleed- 
ing point. 

In  wound*  of  the  Mtomach 
or  gut,  lay  out  the  diseased  part, 
replace  all  others,  so  that  only 
the  afferent  and  efferent  loops 
remain  outside  the  abdomen  and 
with  abdominal  compresses  wall 
off  all  around  the  rest  of  the 
abdominal  cavity.  In  case  of  ex- 
tensive crushing  of  the  bowel 
having  produced  a  more  or  less  complete  interruption  of  the  continuity,  the 
intestinal  segment  must  be  resected  transversely  (see  Resection  of  the 
intestines).  If  there  are  only  small  round  wounds  or  fissures,  these  are 
closed  by  intestinal  suture  {see  below).  When  the  bleeding  has  been 
checked,  and  the  perforations  in  the  gastro-intestinal  tract  are  closed, 
then  comes  the  so-called  "toilette"  of  the  peritoneum,  which  some  want 
"dry,"  some  "wet."  In  the  dry  method,  all  blood  and  all  gastro-intesti- 
nal contents  are  mopped  as  completely  as  possible  with  large  compresses, 
but  not  wiped  off  strenuously,  as  this  would  damage  the  delicate  endo- 
thelial lining  of  the  peritoneum  and  impair  its  defensive  power.  But  we 
must  reach  all  abdominal  recesses  and  change  the  position  of  the  patient 
according  to  what  we  need,  as  already  briefly  stated  before,  Rehn  is  the 
most  ardent  advocate  of  the  wet  toilette  of  the  abdominal  cavity  by  flush- 
ing with  large  quantities  of  sterile  physiological  salt  solution  at  104°-106°, 
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of  which  sometimes  as  many  as  forty  or  fifty,  but  usually  ten  to 
twenty  quarts  are  used.  The  irrigation  must  be  kept  up  till  the  liquid 
flows  out  quite  clear  from  all  parts  of  the  abdominal  cavity.  The  differ- 
ent recesses  are  made  accessible  for  the  liquid  by  the  hand  introduced 
into  the  abdomen,  and  the  rocking  to  and  fro  of  the  different  abdominal 
organs  insures  as  thorough  as  possible  a  disinfection  of  their  surface. 
The  fluid  is  allowed  to  flow  out,  but  it  does  no  harm  if  one  or  two  quarts 
remain  in  the  abdominal  cavity.  Koenig  even  left  intentionally  large 
quantities  in  the  abdomen  in  order  to  utilize  the  great  resorption  power 
of  the  peritoneum  to  bring  to  the  body  water  needed  to  replenish  the 
depleted  vascular  system.  If  the  peritoneum  is  soiled,  we  leave  part  of 
the  abdominal  wound  open  and  pack  with  a  Mikulicz  iodoform  gauze  tent 
(Fig.  471),  the  use  of  which  has  already  been  described  on  page  87  (see 
also  the  chapter  on  Appendicitis). 

Intestinal  Suture. — To  prevent  further  leakage  of  gastro-intestinal 
contents,  we  close  temporarily  the  segment  of  stomach  or  of  intestine 
(after  it  has  been  drawn 
outside  and  the  contents 
squeezed  out  as  well  as 
possible  in  both  directions 
by  pressure  of  the  fingers) 
with  an  intestinal  clamp, 
either  the  straight  or  the 
curved  Doyen  models  (Figs. 
472  and  473).  The  blades 
of  these  clamps  are  striated 
longitudinally.  They  must 
be  thin  and  very  elastic  so 
as  to  grip  well  the  bowel 
without  contusing  it.  Cov- 
ering the  blades  with  rub- 
ber or  flannel  to  decrease 
the  crushing  effect  is  not  in- 
dispensable. Ghissenbauer' s 
parallel  blades  clamp,  Sul- 
tan's intestinal  clamp,  and  a  large  number  of  other  models,  are  also  in 
current  use.  Intestinal  clamps  of  any  of  these  types  are  applied  on  the 
afferent  and  efferent  loop,  together  with  the  mesentery,  either  one  clamp 
on  each  separate  leg  of  the  loop,  or  only  one  clamp  on  both  legs  previously 
laid  parallel  with  one  another  as  the  barrels  of  a  shotgun;  but  the  press- 
ure must  be  only  such  as  is  necessary  to  prevent  the  passage  of  the  intes- 
tinal contents  and  slipping  of  the  clamps.  As  a  rule,  we  clamp  segments 
of  stomach  with  long  and  curved,  the  intestines  with  short  and  straight 
clamps ;  therefore  the  surgeon  must  have  a  variety  of  models  at  his  dis- 
posal. For  intestinal  sutures  we  use  flne  semicircular  needles  of  about 
I  inch  radius,  not  flattened  on  the  edges,  so  that  the  cross-section  is  round 
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and  not  lancet-shaped,  and  having  a  very  slender  point  These  needles 
are  flattened  only  near  the  eye  so  as  to  fit  well  in  the  tip  of  a  Roser  needle- 
holder  (Fig.  51,  page  54).  For  most  cases  we  prefer  interrupted  to  con- 
tinuous suture.  If  we  resort  to  the  latter,  we  use  ordinary  straight  sew- 
ing needles  held  directly  between  the  fingers.  An  interrupted  suture 
with  a  needleholder  is  decidedly  cleaner,  especially  when  the  gut  is  still 
opened  and  the  contact  between  its  mucosa  and  the  fingers  cannot  be 
avoided,  then  a  suture  executed  without  a  needleholder,  during  which  the 
fingers  come  in  much  more  intimate  contact  with  the  surface  of  the  bowel. 
In  other  respects,  the  choice  of  either  interrupted  or  continuous  sutures 
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Fig.  474. 


seems  to  me  a  rather  indifferent  matter,  as  both  kinds  give  a  safe  closure 
when  correctly  executed,  and  unfortunate  cases  will  happen  with  either 
one  if  the  technique  is  defective.  In  many  courses  in  the  cadaver,  I  have 
noticed  that  correctly  placing  a  continuous  suture  is  much  more  difficult 
for  beginners  than  executing  faultlessly  an  interrupted  suture. 

The  most  essential  step  in  the  suture  of  all  organs  lined  with  peri- 
toneum is  exact  coaptation  of  said  peritoneal  lining.  For  this  we  use  the 
Lembert  suture  in  all  places  where  we  have  to  close  a  peritoneal  slit  If 
we  have  to  deal  with  a  penetrating  wound  of  the  gas tro- intestinal  canal, 
Lembert  sutures  are  not  sufficient  to  insure  exact  coaptation  of  the  differ- 
ent parietal  layers.  Exact  coaptation  must  not  be  taken  in  too  literal  a 
sense  anyway.    It  is  impossible  to  approximate  exactly  each  one  of  the 
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different  layers  of  the  stomach  or  bowel  walls,  and  it  would  be  also  super- 
fluous to  try  it.  What  is  necessary  is  that,  on  the  inner  surface  of  the 
sastro-intestinal  canal,  there  should  remain  no  wide  mucous  gap,  and 
that,  on  the  outer  surface  of  the  same,  uninterrupted  peritoneal  surfaces 
should  be  brought  everywhere  in  apposition.  We  obtain  this  in  penetra- 
ting wounds  of  the  intestines  with  either  Czemy's  or  Albert's  method  of 
suture.  Given  a  longitudinal  slit  of  the  bowel  (see  Fig.  474),  we  place 
first,  after  Czerny,  a  row  of  sutures  as  seen  from  the  front  and  on  a  cross- 
section  in  Fig.  474,  on  top.  Then  after  excising  with  Cooper  scissors  what- 
ever shreds  of  mucosa  there  may  be,  we  pass  a  needle  about  i  inch  away 
from  the  edge  of  the  peritoneal  wound,  go  through  the  muscular  and  sub- 
mucous coats  down  to  the  edge  of  the  mucosa,  and  transfix  the  same  parts 
in  reverse  order  on  the  other  lip  of  the  wound.  The  only  difference  be- 
tween Czemy's  and  Albert's  metiiods  lies  in  this  fact,  that  Albert  takes  in 
also  the  mucosa  close  to  its 
edge,  while  Czerny  gets  the 
needle  out,  and  in  again  on 
the  other  side,  directly 
under  the  mucosa  in  the 
submucosa.  The  edges  of 
tiie  wound  are  fastened 
during  the  passing  of  the 
threads  by  means  of  a  fine 
mouse-tooth  thumb  forceps. 
While  the  knots  are  tied,  the 
assistant  inverts  toward  the 
lumen  of  the  gut  whatever 
mucous  membrane  shows  a 
tendency  to  pout  between 
the  edges.  We  tie  with 
a  sailor's,  and  not  with 
a  surreal,  knot,  because 
the  latter  would  require  a 

stronger  pulling  on  the  fine  threads  used  as  suture  material,  and  these 
might  easily  break.  For  this  internal  suture  we  use  generally  fine  ailk, 
but  also  occasionally  catgut  For  a  Lembert  suture  we  always  use  as  a 
matter  of  principle  fine  silk  (or  celluloid).  The  ends  of  the  thread  are  at 
first  left  long.  It  is  convenient  to  place  first  a  sutiu%  ineach  angle  of  the 
intestinal  wound  and  to  lift  up  the  gut-wall  by  means  of  those  threads. 
The  different  coats  of  the  intestine  apply  then  very  exactly  upon  each 
other,  and  it  becomes  easy  to  approximate  directly  corresponding  parts 
of  the  wound  edges.  The  stitches  are  placed  at  intervals  of  from  i-  to  at 
most  i  inch.  Over  this  line  of  suture  comes  {Fig.  474  below)  the 
Lembert  suture,  which  is  begun  at  about  i  inch  from  the  edges  of  the 
wound  and  at  least  i  inch  beyond  the  end  of  the  peritoneal  slit  The 
needle  goes  through  the  peritoneum,  the  muscular  coat,  and  the  submu- 
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cosa.  comes  out  through  the  peritoneum  on  the  same  side  of  the  wound, 
about  1^  or  i  inch  away  from  the  edge  of  the  latter,  jumps  over  the  deep 
suture,  and  goes  through  the  opposite  side  in  a  symmetrical  way.  When 
such  a  stitch  is  tied  (Fig.  475,  considerably  enlarged),  the  knots  of  the 
deep  row  of  sutures  are  buried  in  the  depth,  and  the  peritoneal  surfaces 
between  the  point  of  entrance  and  of  exit  of  the  needle  on  each  aide  apply 
against  each  other.  We  have  to  leam  by  experience  how  to  place  this 
Lembert  suture  so  as  to  pass  the  needle  neither  too  superficially  (which 
means  only  through  the  peritoneum)  nor  too  deep  through  the  muscular 
coat  and  the  mucosa,  which  would  lead  into  the  lumen  of  the  bowel;  and 
I  advise  every  beginner  to  practise  it  often  on  fresh  hog's  intestines  or 
in  the  living  animal,  preferably  in  dogs.     This  suture  is  carried  continu- 


ously or  interruptedly  at  intervals  of  i  or  i  inch  to  beyond  the  other  end 
of  the  slit*  so  that  the  whole  first  row  of  suture  is  hidden  in  the  depth. 
While  placing  this  Lembert  suture  we  may  cautiously  raise  the  intestinal 
wall  in  a  fold  by  means  of  a  fine  mouse-tooth  thumb  forceps,  but  this  is 
generally  not  necessary  for  the  skilled  surgeon,  who  will  appreciate  sim- 
ply by  the  touch  whether  or  not  his  needle  has  taken  a  deep  enough  bite 
in  the  tissues. 

If  we  have  to  deal  with  a  loa»  of  aabttance  in  the  intemtinal  wall 
(Fig.  476,  A),  or  if  excision  of  the  crushed  part  after  a  contusion  of  the 
bowel  creates  such  a  loss  of  sub- 
stance, the  best  is  to  change  it  into 
a  transversal  slit,  so  as  not  to  cause 
any  narrowing  of  the  calibre.  To 
this  effect  two  traction  loops  (Fig. 
476,  B),  one  on  each  side  of  the 
wound,  are  first  passed  through  the 
peritoneum,  the  muscular  coat,  and 
the  submucosa.  Pulling  on  these 
loops  changes  the  wound  into  a 
transversal  fissure,  which  is  closed  by  a  Czemy  or  Albert  suture  (Fig. 
476,  C  and  D).  The  threads  are  always  cut  close  to  the  securely  tied 
knots,  and  when  fine  silk  or  celluloid  is  used,  healing  is  uneventful. 
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If  we  have  only  sl- small  intestinal  perforation  to  deal  with,  we  can 
close  it  with  a  purse-string  suture  (Fig.  477,  A).  A  stitch  is  passed,  as 
indicated  in  Fig.  477,  A,  about  i  or  i  inch  away  from  the  edges  of  the 
perforation,  through  the  serous  and  muscular  coats  down  to  the  submu- 
cosa.  While  the  thread  is  being  tied,  the  edges  of  the  wounds  are  turned 
inward  by  means  of  a  dissection  forceps  and  the  small  funnel-shaped 
depression,  in  which  peritoneum  is  already  applied  against  peritoneum, 
is  sutured  over  by  a  few  superficial  Lembert  stitches  (Fig.  477,  B) . 

Wounds  affecting  only  the  serous  coat  and  the  superficial  muscular 
layers  are  repaired  simply  by  a  row  of  Lembert  stitches. 

(b)  Operations  on  the  Stomach 

In  Fig.  478  are  represented  the  anatomical  relations  of  the  moderately 
distended  stomach  (together  with  the  duodenum,  hatched  diagonally) 
with  the  liver  (hatched  vertically),  the  costal  arch  and  the  transverse 
colon.  The  greater  part  of  the  stomach  lies  within  the  left  hypochon- 
drium,  and  a  smaller  in  the  epigastric  region.  In  such  a  state  of  reple- 
tion, a  line  drawn  from  the  pylorus  to  the  cardia  ascends  obliquely  back- 
ward and  upward,  and  from  the  right  toward  the  left  side.  The  cardia 
is  about  on  a  level  with  the  seventh  costal  cartilage.  The  pylorus  is  two 
fingers'  breadth  to  the  right  of  the  midline,  level  with  the  lowest 
point  of  the  costal  arch.  The  lesser  curvature  looks  fairly  directly  toward 
the  right  side,  the  major  part  of  the  fundus  is  hidden  behind  the  left 
costal  gridiron,  and  presses  upward  against  the  diaphragm  (after  Com- 
ing). According  tathe  varying  degree  of  repletion,  the  pylorus  does  not 
always  occupy  the  same  position.  It  moves  farther  toward  the  right 
when  the  stomach  is  strongly  distended,  and  recedes  to  the  midline  when 
the  viscus  is  absolutely  empty  and  shrunk  on  itself.  From  the  lesser 
curvature  is  stretched  to  the  lower  surface  of  the  liver  the  hepato-gastric 
ligament  (lesser  omentum.  Fig.  479) ,  formed  by  a  duplication  of  the  peri- 
toneum. This  ligament  extends  toward  the  right  beyond  the  pylo- 
rus, under  the  shape  of  the  hepato-duodenal  ligament,  which  contains 
the  common  bile-duct,  the  portal  vein,  and  the  hepatic  artery.  Behind 
the  edge  concave  toward  the  left  of  said  hepato-duodenal  ligament, 
we  find  the  entrance  to  the  omental  bursa,  the  major  part  of  which  lies 
behind  the  stomach.  From  the  greater  curvature  hangs  down  the  greater 
omentum.  The  transverse  colon  lies  almost  directly  over  the  greater 
curvature.  Its  anterior  surface  is  only  loosely  connected  with  the 
greater  omentum.  The  part  of  greater  omentum  situated  between  the 
stomach  and  the  transverse  colon  is  also  called  gastro-colic  ligament. 

The  transverse  colon  is  attached  to  the  posterior  abdominal  wall  by 
the  transverse  mesocolon.  This  mesocolon  attains  its  greatest  antero- 
posterior dimensions  in  the  midline,  and  this  explains  why  the  middle 
part  of  the  transverse  colon  is  the  most  freely  movable.  The  posterior 
wall  of  the  replete  stomach  rests  partly  on  the  transverse  colon,  and  there 
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can  be  made  accessible  (see  Posterior  retrocolic  jfastro-enterostcany)  after 
division  of  the  peritoneal  duplication  (transverse  mesocolon),  which 
forms  the  lower  wall  of  the  omental  bursa,  and  folding  upward  of  the 
omentum  and  transverse  colon.  In  pathological  conditions,  particularly 
in  carcinomatous  infiltration  of  the  greater  omentum  in  the  pyloric  region, 


FiC.  4Ta 

the  colon  may  be  shrunk  close  to  the  stomach,  so  that  when  it  is  liber- 
ated the  bloodvessels  supplying  the  transverse  colon  and  the  hepatic 
flexure,  or  even  their  trunk,  the  middle  colic  artery,  may  be  wounded  or 
included  in  a  ligature.  The  result  is  sloughing  of  the  segment  of  colon 
deprived  of  blood. 

The  duodenum  forms  a  curve  convex  toward  the  right  side.     We  dis- 
tinguish a  superior  horizontal,  or  pyloric,  part,  a  vertical  part  into  which 
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open  the  choledochus  and  pancreatic  ducts,  and  an  inferior  horizontal, 
longer  than  the  superior  and  which,  covered  by  the  root  of  the  mesen- 
tery, runs  upward  and  to  the  left  to  be  continued  on  the  left  side,  along 
the  spinal  column,  about  on  a  level  with  the  umbilicus,  by  the  jejunum. 
The  superior  horizontal  part  and  the  anterior  surface  of  the  upper  half 
of  the  vertical  part  are  covered  with  peritoneum,  whereas  the  other  seg- 
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ments  of  the  duodenum  are  essentially  retroperitoneal,  and  rest  on  the 
hilum  of  the  right  kidney,  the  aorta,  and  the  vena  cava  inferior.  On 
the  convexity  of  the  duodenum,  the  parietal  peritoneum  passes  flat  over 
the  anterior  surface  of  the  duodenum  and,  after  drawing  the  liver  and 
gall-bladder  upward,  the  hepatic  flexure  of  the  colon  toward  the  left, 
dividing  the  peritoneum  about  J  inch  from  the  convex  border  of  the 
duodenum,  we  can  mobilize  the  latter,  as  Kocker  does,  and  transpose  it 
farther  toward  the  left  side,  for  instance,  to  perform  Kocher's  gastro- 
duodenostomy. 
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The  stomach  receives  its  blood-supply  from  the  coeliac  axis.  The  very 
short  trunk  of  this  artery  sends  off  first  toward  the  left  side  the  left  gas- 
tric coronary  artery  (arteria  ^astrica  sinistra  of  the  new  Nomenclature), 
which  follows  the  lesser  curvature  of  the  stomach,  and  later  divides  into 
the  hepatic  and  splenic  arteries.  The  splenic  artery  runs  horizontally 
toward  the  left  side  and  near  the  spleen,  gives  the  left  gastroepiploic 
artery,  which  goes  to  the  greater  curvature,  close  to  the  insertion  there- 
into of  the  greater  omentum,  and  descends  between  the  two  layers  of  the 
latter.  The  hepatic  artery  divides  above  -the  pylorus  into  an  ascending 
and  a  descending  branch.    The  ascending  branch  goes  to  the  hilum  of  t^e 


liver.  It  is  the  farthest  to  the  left  of  the  three  organs  contained  in  the 
gastro-duodenal  ligament  From  this  branch  arises,  running  a  recurrent 
course  to  the  lesser  curvature,  the  right  gastric  coronary  artery  (arteria 
gastrica  dextra  of  the  new  Nomenclature).  The  descending  branch 
divides  itself  into  pancreatico-duodenal  artery,  which  passes  behind  the 
pylorus  or  the  superior  horizontal  part  of  the  duodenum,  and  right  gastro- 
epiploic artery,  which  goes  to  the  greater  curvature  of  the  stomach. 
The  right  and  the  left  gastric  coronary  arteries  and  the  right  and  left 
gastro-epiploic  arteries  anastomose  with  each  other  and  send  off  smaller 
branches  to  the  anterior  and  posterior  surfaces  of  the  stomach.  These 
secondary  branches  ramify  very  extensively  and  leave  in  the  middle  of 
the  surfaces  of  the  stomach  areas  containing  comparatively  few  blood- 
vessels, and  therefore  particularly  suitable  for  sites  of  incision.  The 
veins  and  lymphatics  of  the  stomach  have  less  importance  from  the 
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standpoint  of  operative  technique,  and  consequently  their  study  may  be 
overlooked  here. 

Wounda  of  the  Mtomaeh  are  closed  by  one  of  the  methods  of  suture 
represented  in  Fig.  474  to  477.  after  the  injured  portion  of  the  organ  has 
been  drawn  outside  and  isolated  from  the  rest  by  clamping  with  a  Doyen 
curved  stomach-clamp  (Pig.  473).  Contused  and  ragged  edges  are  pared, 
irregular  losses  of  substance  are  transformed,  as  shown  in  Fig.  477,  into 
symmetrical  slits  and  closed  by  linear  suture. 

Gaatropexy.— This  operation  which  aims  at  securing  in  case  of  marked 
gastroptosis  or  gastric  dilatation,  a  broad  attachment  of  the  stomach 
to  the  anterior  abdominal  wall  in  the  epigastric  region,  has  not  met  with 
much  vogue  so  far;  but  if  we  be- 
lieve the  latest  reports  of  Rovsing 
(who  performed  it  seventy-five 
times  successfully),  it  can  put  out- 
right an  end  to  the  manifold  pain- 
ful phenomena  exhibited  by  pa- 
tients afflicted  with  generalized 
enteroptosis,  because  raising  the 
stomach  entails  at  the  same  time 
raising  the  duodenum  and  the  trans- 
verse colon.  After  median  lap- 
arotomy (see  Pig.  481)  three  silk 
threads,  carrying  a  needle  on  each 
end,  are  passed  in  and  out  through 
the  serous  coat  of  the  stomach  ( V) , 
parallel  with  each  other,  the  upper 
about  i  inch  below  the  lesser  curva- 
ture, the  following  at  intervals  of 
a  little  less  than  an  inch  below  this 
first  one,  so  that  the  lower  third  of 
the  stomach  and  the  greater  curva- 
ture remain  free. '  The  ends  of  the  threads  are  passed  on  each  side  of  the 
laparotomy  wound  through  the  whole  thickness  of  the  abdominal  wall,  and 
temjKJrarily  clamped  together.  The  parts  between  the  sutures  are  then 
scarified  superficially,  as  indicated  in  Pig.  481  by  small  crosses.  Then  the 
abdominal  wound  is  repaired  by  three  tiers  of  sutures,  and  covered  with  a 
gauze  strip,  which  is  fastened  with  collodion  or  Sckleich's  peptonized 
paste.  Now  only  the  three  suspensory  threads  are  knotted  over  a  broad 
glass  plate  wrapped  in  gauze,  whereby  the  scarified  anterior  surface  of 
the  stomach  applies  firmly,  without  wrinkling,  against  the  parietal  peri- 
toneum. Rovsing  does  not  remove  the  stitches  before  the  third  or  fourth 
week.  He  considers  gastro-enterostomy  as  indicated  in  gastroptosis 
only  when  the  latter  is  complicated  by  cicatricial  stenosis  of  the  pylorus 


Fig.  481. 


'  In  the  illustration,  the  threads  are  placed  too  near  the  greater  curvature. 
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with  dilatation.  In  subjects  having  the  inferior  thoracic  opening  very 
narrow,  Rovsing  was  compelled  to  suspend  the  stomach  lower,  sometimes 
even  to  make  a  complementary  gastro-enterostomy. 

Ulcer  of  the  Stomach.— Surgical  treatment  of  gastric  ulcer  is  a  con- 
quest of  modem  surgery.  Formerly,  surgical  interference  was  limited 
to  conditions  consecutive  to  perforation  and  to  cicatricial  strictures  of 
the  stomach.  But  now  gastric  ulcers  are  early  treated  surgically  when 
internal  medications  fail.  The  borderline  between  medical  and  surgical 
therapy  cannot  be  determined  exactly  and,  naturally,  surgeons  and  in- 
ternists differ  as  to  opinions  on  the  point  There  are  a  great  number  of 
exhaustive  surgical  articles  on  this  subject.  Among  the  most  recent,  I 
shall  quote  chiehy  KrorUein^s  communication  before  the ''Kongresz  der 
deutschen  Gesellschaft  ftir  Chirurgie,"  1906;  Riedel,  Deutsche  med.  Woch- 
ensch.,  1909,  p.  17;  Payr's  paper  before  the  **Verein  ftir  innere  Medizin 
und  Kinderheilkunde  in  Berlin,"  Deutsche  med.  Wochensch.,  1909,  Nos. 
36,  37,  pp.  1556  and  1611 ;  Clairmonfs  reports  from  v.  Eiselsberg^s  clinic, 
MitteUungen  aus  den  Grenzgebieten  der  Medizin  und  Chirurgie,  Bd.  20,  p. 
330.  The  mode  of  treatment  depends  on  the  stage  of  evolution  of  the 
ulcer  and  on  its  location.  It  is  not  advisable  to  operate  for  profuse 
hemorrhages,  because  experience  has  shown  these  to  yield  in  a  very 
great  m^'ority  of  cases  to  internal  treatment;  and  in  the  weakened  con- 
dition of  patients,  surgical  interference  is  fraught  with  more  danger  than 
expectancy.  In  small  hemorrhages  frequently  repeated,  gastro-enteros- 
tomy is  often  performed  to  relieve  the  stomach,  and  gives  also  very  good 
results  when  the  ulcer  is  located  near  the  pylorus,  while  ulcers  situated 
farther  from  the  pylorus  are  less  favorably  influenced  by  the  same  opera- 
tion (Clainnont).  In  the  latter  case,  circular  excision  of  the  ulcer  and, 
when  necessary,  resection  of  a  transversal  segment  of  the  continuity  of 
the  stomach,  including  the  ulcer,  is.  the  method  of  choice.  Resection 
must  also  be  urged  whenever  an  ulcer  of  the  pyloric  region  seems  to 
authorize  a  suspicion  of  carcinoma.  Mediate  ligation  of  the  large  blood- 
vessels, for  instance  of  both  gastric  arteries,  and  cauterization  after  ex- 
posure of  the  ulcer  are  defective  methods,  to  be  avoided  as  much  as  pos- 
sible. If  excision  or  resection  are  contraindicated  on  account  of  extreme 
weakness  of  the  patient,  we  must  have  recourse  to  the  less  aggressive 
operation,  namely,  gastro-enterostomy.  In  such  cases  we  may  also  occa- 
sionally resort  to  jejunostomy  (vide  infra)  so  as  to  exclude  all  food  from 
the  stomach.  In  perforated  gastric  ulcer,  the  fate  of  the  patient  depends 
on  an  early  diagnosis  and  hasty  operation.  In  such  cases  we  have  to  find 
the  ulcer,  treat  it,  clean  the  abdominal  cavity,  and  drain.  In  cicatricial 
stenoses  in  the  pyloric  region,  the  establishment  of  a  new  communication 
between  the  stomach  and  small  intestine  (gastro-duodenostomy  or  gas- 
tro-jejunostomy)  is  the  sovereign  method  of  treatment.  In  cicatricial 
stenoses  of  the  middle  part  of  the  stomach  (hour-glass  stomach),  gastro- 
gastrostomy  may  insure  better  conditions  of  evacuation,  but  a  cure  is 
more  surely  obtained  by  resection  of  the  strictured  middle  part  of  the 
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stomach,  followed  by  suture.  To  those  who  want  to  understand  quickly 
the  pathologry  and  indications  of  gastric  ulcer,  I  recommend  Payr's  and 
RiedeVs  work  (see  above).  Perforation  of  a  gastric  ulcer  happens  in 
most  cases  in  ulcers  of  the  anterior  wall  in  the  regions  of  the  pylorus  and 
of  the  lesser  curvature.  EwaM  asserts  that  the  site  of  perforation  is 
almost  without  an  exception  J  to  1  inch  above  or  below  the  pyloric  ring, 
and  is  discovered  as  soon  as  the  overhanging  edge  of  the  liver  has  been 
raised  a  little.  Duodenal  ulcers  also  perforate  most  frequently  in  the 
upper  horizontal  portion  in  close  proximity  to  the  pyloric  ring.  Conse- 
quently, we  shall  look  first  in  this  region  for  the  perforation.  When 
found,  the  ulcer  is  either  simply  buried  under  a  Lembert  suture,  or  ex- 
cised, the  condition  of  the  patient  permitting,  and  the  loss  of  substance 
sutured,  whereby,  if  operating  in  the  vicinity  of  the  pylorus,  we  have  to 
take  care  that  no  narrowing  of  the  lumen  results.  Therefore  we  shall 
make  our  suture  of  the  incisions  perpendicular  to  the  long  axis  of  the 
stomach,  and  not  parallel  with  it.  If  excision  is  impossible,  if  a  Lem- 
bert suture  intended  to  bury  the  perforation  does  not  hold  in  the  inflamed 
and  altered  tissues  surrounding  the  hole,  we  can  imitate  Brauuj  viz., 
draw  upward  a  fold  of  omentum  and  fasten  it  as  a  lid  all  around  the  per- 
foration with  interrupted  and  mattress  stitches.  About  peritoneal  toilette 
and  drainage,  see  above,  page  490. 

The  technique  of  operation  for  non-perforated  gastric  ulcer  has  been 
so  well  set  forth  anew  by  Payr,  that  I  shall  take  the  liberty  to  reproduce 
it  here  after  him.  Laparotomy  in  the  midline,  lateral  incision  only  in 
presence  of  a  tumor  caused  by  a  matting  of  the  ulcerated  portion  of  the 
stomach  with  the  abdominal  wall.  The  first  thing  to  do  is  to  ascertain 
the  position  of  the  stomach  and  the  changes  brought  on  by  the  ulcer  in 
the  stomach  and  surrounding  structures.  The  seat  of  the  ulcer  is  in  most 
cases  recognized  without  difficulty  by  the  alterations  that  are  then  found 
(richly  vascularized  adhesions,  congestion  of  the  bloodvessels  of  the 
stomach-wall,  callous  induration  or  tumor,  changes  in  the  shape  of  the 
stomach).  Ulcers  situated  exclusively  on  the  posterior  wall  of  the  organ 
require  mobilization  of  the  latter.  Introduce  two  fingers  into  the  omental 
bursa  through  the  greater  or  lesser  omentum,  and  palpate  the  back  wall 
of  the  organ.  In  cases  in  which  there  are  neither  on  the  anterior  nor 
on  the  posterior  wall  of  the  stomach  pathological  lesions  of  value  to  in- 
dicate the  location  of  the  ulcer,  and  in  those  in  which  he  wants  to  get 
information  about  the  actual  condition  of  the  ulcer,  Payr  resorts  some- 
times to  exploratory  gastrotomy  (see  below).  An  incision  is  made  in  the 
anterior  wall  from  the  lesser  to  the  greater  curvature  after  careful  wall- 
ing off  by  packing  of  the  remainder  of  the  abdominal  cavity.  Inspection 
and  palpation  of  the  ulcer  through  such  a  gastrotomy  opening  may  some- 
times settle  uncertainties  as  to  the  choice  of  a  particular  operation  in  a 
given  case,  whether  excision  of  the  ulcer  or  resection  of  the  stomach.  If 
we  decide  in  favor  of  resection,  the  gastrotomy  wound  is  closed  tempo- 
rarily, or,  in  some  cases,  permanently  and  completely  by  a  Czemy  suture. 
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For  excision  or  resection  of  the  portiop  of  stomach  carrying  the  ulcer 
(see  also  farther,  Resection  of  the  stomach),  the  corresponding  afferent 
and  efferent  vessels  are  ligated  in  the  lesser  omentum  and  the  gastrocolic 
ligament.  In  cases  of  ulcers  of  the  lesser  curvature  the  lesser  omentum 
is  not  infrequently  changed  into  an  extremely  hard  and  thick  band,  often 
shrunk  upward  against  the  diaphragm  and  the  liver;  especially  when 
perforation  of  the  ulcer  has  taken  place  between  the  layers  of  the  lesser 
omentum,  and  is  obturated  as  with  a  lid  by  swollen  lymph  glands.  We 
must  attempt  to  enter  the  omental  bursa  through  as  yielding  a  place  as 
we  can  find  in  the  lesser  omentum,  ligate  from  the  omental  bursa  on 
both  sides,  and  cut  between  the  two  ligatures.  If  we  have  to  deal  with 
an  ulcer  limited  to  the  gastric  wall,  the  whole  part  of  the  stomach  carry- 
ing said  ulcer  will  have  to  be  mobilized.  If  the  ulcer  infiltrates  an 
adjoining  organ  and  forms  a  tumor,  the  stomach  must  be  mobilized  up  to 
the  adherent  place ;  the  adhesions  that  are  not  altogether  too  firm  are  cut, 
best  with  a  sharp  instrument,  and,  so  as  not  to  lose  too  much  time  detach* 
ing  the  other  dense  adhesions,  the  stomach-wall  is  incised  circularly 
around  the  ulcer  with  scissors  and  knife,  the  rest  of  the  gastric  cavity 
having  been  previously  shut  off  from  the  operative  field  by  clamping 
with  curved  and  straight  Doyen  stomach-clamps.  The  hole  in  the  stom- 
ach-wall always  gaps  very  widely,  while  the  ulcerated  surface  with  the 
surrounding  normal  mucosa  resting  on  a  thick  callosity  contracts.  The 
ulcer  is  cauterized  with  the  Paquelin  tip,  the  cuff  of  mucosa  and  the  cal- 
loused part  are  excised  by  a  few  scissors'  strokes  {Cooper  scissors).  An 
iodoform  gauze  wick  or  a  drain-tube  wrapped  in  iodoform  gauze  ia 
introduced  through  the  external  wound.  When  the  ulcer  has  been  ex- 
cised far  in  sound  tissue  and  the  stomach  well  liberated  from  adhesions, 
reunion  is  very  easy,  and  is  comprised  of  three  rows  of  sutures:  1st, 
muco-mucous  (continuous) ;  2d,  sero-muscular  (continuous  or  interrupted) ; 
3d,  Lembert  serous  suture  (see  Fig.  502). 

As  regards  transverse  resection  of  the  stomach  for  ulcer,  see  farther 
below  the  chapter  on  Resection  of  the  stomach. 

Feeding  after  such  operations  is  administered  during  the  first  few 
days  per  rectum.  Infusions  of  salt  solution,  subcutaneous  or  intra- 
venous, supply  the  fluid  the  organism  needs.  Temporary  jejunostomy 
has  also  been  advocated  to  feed  the  patient.  Payr  advises,  after  such 
operative  removal  of  an  ulcer,  to  turn  over  the  patient  to  an  internist  for 
further  medical  treatment. 

Gastrotomy 

Gastrotomy  is  performed  for  foreign  bodies  of  the  stomach  and  the 
lower  part  of  the  oesophagus,  to  dilate  the  cardia  in  cardiospasm,  eventu- 
ally also  to  inspect  the  inside  surface  of  the  stomach  in  case  of  ulcer  (see 
above).  The  incision  is  made  in  most  cases  median  or  paramedian,  but 
may  also,  as  said  about  Gastrostomy  below,  be  made  through  the  rectus 
or  on  its  lateral  border.    A  portion  of  the  anterior  wall  of  the  stomach. 
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with  as  few  vessels  as  possible,  is  drawn  outside,  the  abdominal  cavity  is 
most  carefully  walled  off  in  all  directions  with  longuettes  or  abdominal 
towels,  and  the  anterior  wall  of  the  stomach  is  opened  lengthwise  or 
crosswise  in  a  spot  selected  as  avascular  as  possible.  Vessels  bleeding  to 
any  extent  are  ligated,  the  lips  of  the  incision  are  secured  in  forceps  so 
that  traction  on  the  latter  easily  brings  forward  the  opened  part  Then 
fingers  protected  by  rubber  gloves  are  introduced  in  the  cavity  of  the 
stomach,  and  after  the  contents  have  been  carefully  mopped  out  with  dry 
gauze  sponges,  feel  the  inner  surface  of  the  organ.  One  or  two  fingers 
may  be  easily  pushed  high  up  into  the  cesophagus,  and  foreign  bodies 
'  impacted  therein  can  be,  under  guidance  of  the  finger,  mobilized  and 
extracted.  The  gastric  incision  is 
best  closed  by  a  triple  row  of  su- 
tures. First  a  continuous  catgut 
mucous  suture,  for  which  we  insert 
the  needle  about  iV  or  S  inch  away 
from  one  edge  and  come  out  sym- 
metrically through  the  other  {but 
we  do  not  need  to  take  special 
pains  to  adjust  exactly  the  mucous 
edges) ;  second,  the  internal  Czemy 
suture  with  silk,  beginning  in  both 
angles.  The  loops  passed  in  the 
angles  are  used  to  stretch  the  gap- 
ing slit  parallel  with  its  long  axis, 
and  thereby  to  make  each  edge  of 
the  wound  apply  snugly  against  the 
other.  When  tying  the  separate 
threads,  take  care  that  the  perito- 
neal side  of  the  wound  edges  should 
be  turned  in  toward  the  gastric . 
cavity.  Finally  comes  a  seroserous 
Lembert  suture  extending  on  both 
sides  at  least  J  inch  beyond  the 
preceding  suture.  This  Lembert  suture  is  made  with  silk,  and  is  either  ■ 
continuous  (with  a  straight  needle),  or  interrupted.  In  the  latter  case  it 
begins  also  beyond  one  end  of  the  internal  suture  and  terminates  beyond 
the  other.  Each  stitch  of  the  Lembert  suture  is  laid  between  two  conse- 
cutive stitches  of  the  same  internal  Czemy  suture,  so  that  the  stitches  of 
both  alternate  regularly.  The  vicinity  of  the  stomach  wound  is  carefully 
cleaned  mechanically  with  a  moist  compress  (saline,  2%  boric  acid,  or 
lysol  solutions).  Removal  of  the  abdominal  protecting  towels,  closure  of 
tiie  external  wound  without  drainage. 

Ga»(rot(omy.— Gastrostomy  openings  (gastric  fistulse)  serve  to  feed 
temporarily  or  permanently  a  patient  when  the  cesophagus  is  unable  to 
perform  its  normal  function.    In  stenosing  oesophageal  cancer,  we  estab- 
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the  French  scale.  This  catheter  is  laid  over  the  stomach-cone  and 
sutured  by  four  or  five  Lembert  stitches,  which  raise  on  each  side  a  fold 
of  gastric  wall  and  approximate  both  folds  over  the  catheter,  as  shown 
in  Fig.  485.  Then  the  surgeon  bends  upward  the  tip  of  the  catheter, 
makes  with  a  pointed  and  narrow  knife  a  small  transversal  or  longi- 
tudinal slit  through  all  the  coats  of  the  stomach,  inserts  the  tip  of  the 
catheter  through  this  slit,  pushes  it  about  three  inches  onward  into  the 
cavity  (consequently  farther  than  represented  on  the  illustrations)  (Fig. 
487),  and  sutures  over  it  the  serous  surfaces  (Pig.  488).     Witzel  places 


Fig.  488. 


still  over  this  first  a  second  row  of  Lembert  stitches,  and  we  follow  this 
technique  when  we  have  at  our  disposal  enough  material  to  do  it  The 
first  row  of  sutures  must  grip  the  catheter  so  firmly  that  even  strong  pull- 
ing on  its  external  part  does  not  bring  it  out  To  prevent  it  from  sliding 
out,  we  may  also  transfix  the  catheter  laterally  with  one  of  the  Lembert 
stitches.  We  then  pour  some  fluid  into  the  stomach  by  means  of  a  small 
funnel  to  ascertain  whether  the  fistula  works  well  or  not  Lennander  first 
outlines  on  the  stomach-wall  by  a  purse-string  suture,  as  shown  in  Fig. 
477,  a  small  circle  about  i  inch  in  diameter,  next  makes  a  small  incision 
through  all  the  gastric  coats,  introduces  the  catheter,  and  tightens  the 
purse-string  suture  firmly  around  the  catheter  after  turning  inward  the 
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edges  of  the  mucosa.  Then  he  makes  a  Witzel  ohliqne  canal.  If  suturing 
the  gastric  serous  lining  to  the  peritoneal  slit  was  not  possible  before,  we 
now  anchor  the  stomach  to  the  abdominal  wall  by  two  stitches,  which 
take  on  each  side  and  in  each  of  the  two  angles  of  the  wound  the  pos- 
terior layer  of  the  sheath  of  the  rectus,  the  aponeurosis  and  the  peri- 
toneum, together  with  the  stomach-wall  above  and  below  the  point  of  exit 
of  the  tube.  We  then  close  the  incisions  in  the  peritoneum  and  the 
sheath  of  the  rectus  by  a  few  separate  silk  stitches.  The  rectus  is 
restored  to  its  proper  position,  the  anterior  leaf  of  the  sheath  repaired  by 
an  interrupted  silk  suture,  as  is  also  the  skin  up  to  the  upper  angle  of  the 
wound  through  which  the  stomach-tube  is  made  to  come  out.  The 
abdominal  wound  is  protected  by  a  small  collodion  or  peptonized  paste 
dressing.  A  long  safety-pin  is  passed  through  the  stomach-tube  and 
stuck  on  the  abdominal  wall  by  adhesive-plaster  strips.  The  stomach- 
tube  is  occluded  with  a  cut-off  clip.  The  part  of  the  tube  which  remains 
outside  of  the  body  is  wrapped  in  gauze  and  cotton  wadding  fastened  to 
the  abdominal  walls  by  broad  strips  of  adhesive  plaster. 

The  patients  may  get  out  of  bed  immediately  after  the  operation.  At 
first  the  drain-tube  is  left  permanently.  After  two  weeks  it  is  carefully 
withdrawn  for  the  first  time,  cleaned,  and  immediately  reinserted  so  that 
the  fistulous  opening  does  not  contract.  If  the  tube  is  removed  for  a 
long  time,  the  fistula  closes  spontaneously.  Later,  the  stomach-tube  is 
removed  every  second  day  to  be  cleaned,  and  reintroduced.  The  skin 
stitches  are  removed  after  eight  days.  Thereafter  the  patient  carries 
the  tube  directly  on  the  skin,  fastened  by  adhesive-plaster  strips,  so  that 
he  can  draw  it  easily  out  of  his  clothes  when  feeding-time  comes.  Dur- 
ing the  first  days  we  allow  only  small  quantities  at  a  time  as,  in  most 
cases,  the  stomach  has  only  a  very  small  capacity;  and,  to  begin  with,  we 
give  every  or  every  other  hour,  through  a  small  adjusted  funnel,  li  to  3J 
ounces  of  milk,  broth  with  eggs,  meat-juice,  cocoa,  etc.  Finely  chopped 
meat  and  other  pulpy  foods  brought  to  a  proper  consistency  by  the  addi- 
tion of  liquids  can  also  be  introduced  into  the  stomach  through  the  fun- 
nel, or  by  means  of  a  pressure  syringe.  Moreover,  patients  try  to  swal- 
low, and  can  obtain  a  certain  degree  of  pleasure  when  partaking  of  food, 
by  chewing  the  latter,  which  is  subsequently  sent  to  the  stomach  (Tren- 
delenburg's method)  by  a  tube,  an  end  of  which  the  patient  takes  in  his 
mouth,  while  the  other  is  connected  by  a  glass  adjustment  with  the 
stomach-catheter. 

MarwedeVs  modification  of  WitzeVs  gastrotomy,  which  forms  an 
oblique  canal  inside  the  stomach-wall,  has  not  stood  well  the  test  of 
actual  practice. 

Kader  does  not  build  an  oblique,  but  a  longitudinal,  channel,  as  it 
has  been  noted  that  WitzeVs  oblique  canal  changes  very  often  ulteriorly 
to  a  longitudinal  one.  Kader^s  method  is  particularly  suitable  for  those 
cases  in  which  we  do  not  succeed  in  drawing  out  of  the  wound  a  cone  of 
stomach-wall.    The  best  technique  in  those  cases  is  Lennander's  (see 
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page  506) ,  who  inserts  a  rubber  catheter  or  a  rubber  tube  of  equal  calibre 
into  the  stomach,  and  keeps  it  from  slipping  out  by  a  catgut  stitch  pass- 
ing through  the  peritoneum  and  the  wall  of  the  tube.  Then  the  stomach- 
wall  on  each  side  of  the  tube  is  raised  in  a  fold  by  a  few  Lembert  su- 
tures, and  thus  the  portion  of  the  wall  immediately  around  the  tube  is 
buried  in  the  depth  (Fig.  489).  The  part  of  the  stomach-wall  that 
ensheaths  the  tube  forms  now  a  narrow  funnel  projecting  within  the  cav- 
ity of  the  organ.  The  tube  passes  through  a  canal  perpendicular  to  the 
gastric  wall  and  lined  with  serous  membrane.  Said  canal  may  still  be 
lengthened  by  the  addition  of  a  second  row  of  sutures  raising  still  more 
the  wall  (Fig.  490).     The  stomach  is  next  fastened  to  the  abdominal 


Fig.  489. 


wound,  and  the  incision  in  the  peritoneum  and  the  posterior  leaf  of  the 
sheath  of  the  rectus  closed  at  the  same  time  by  stitches  including  these 
structures  and  the  middle  part  of  the  stomach-wall.  Further  steps  as  in 
Witzel's  method. 

Gastro-Enterostomy 

By  this  word  we  understand  the  establishment  of  a  new  opening  of 
communication  between  the  stomach  and  a  loop  of  small  intestine.  It  is 
indicated  in  inoperable  carcinoma  of  the  pylorus  or  of  its  vicinity 
attended  by  symptoms  of  stenosis,  occasionally  in  operable  cases  as  a 
preliminary  step  to  a  stomach  resection  when  the  condition  of  the  patient 
does  not  allow  the  latter  to  be  performed  at  once;  in  cicatricial  strictures 
of  the  pylorus  of  a  non-malignant  character;  in  ulcerative  non-malignant 
processes  of  the  pyloric  part  of  the  stomach  and  of  the  duodenum;  in 
advanced  cases  of  dilatation,  or  in  marked  atonic  mechanical  insufficiency 
of  the  stomach  (gastrectasy,  gastroptosis)  after  internal  therapy  has 
failed;  in  congenital  stenoses  of  the  pylorus  when  internal  therapy  does 
not  yield  the  desired  result. 

Gastro-enterostomy  is  generally  preferred  in  non-malignant  stricture 
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of  the  pylorus  to  MikuHcz-Heineke's  pyloroplaBty,  in  which  a  longitu- 
dinal incision  of  at  most  IJ  or  2  inches  through  the  narrowed  point  is 
repaired  transversely  by  a  double  row  of  sutures. 

The  oldest  method  of  gastro-enterostomy  is  that  bearing  Wolfier'a 
name,  the  so-called  anterior  antecolic  gastro-enterostomy.  If  one  studies 
Fig.  479  on  page  497,  it  becomes  evident  that  the  way  between  the  upper- 
most jejunal  loops — those  which  must  always  be  selected  to  be  united 
with  the  stomach  so  that  the  greatest  possible  length  of  small  intestine 
is  kept  available  for  the  digestion  of  food — and  the  anterior  stomach- wall, 
is  blocked  by  the  greater  omentum  and  the  transverse  colon ;  the  way 
between  the  same  loops  and  the  posterior  stomach-wall,  by  the  transverse 
colon  and  its  mesocolon.  In  T7o(^er'a  operation,  the  greater  omentum 
and  the  colon  must  be  reefed  together  and  the  loop  of  small  intestine 
brought  around  the  lower  border  of  the  resulting  plicated  mass  to  the 
anterior  aspect  of  the  stomach.  The  route  through  the  posterior  wall 
of  the  stomach  and  the  transverse  mesocolon  was  selected  first  by 
V.  Hacker,  and  is  called  posterior  retrocolic  gastro-enterostomy.  The 
route  through  the  mesocolon,  the  omental  bursa,  and  the  gastro-colic 
ligament  (insertion  of  the  greater  omentum  into  the  stomach),  anterior 
retrocolic  gastro-enterostomy,  is  sometimes  chosen,  but  its  applications 
are  few.  Similarly  the  reverse  method,  posterior  antecolic  gastro-enter- 
ostomy is  hardly  performed  at  all,  and  only  by  rabid  partisans  of  the 
suspension  of  the  jejunum  to  the  posterior  surface  of  the  stomach.  In 
that  operation,  which,  according  to  Amsperger's  reports  from  the  Heidel- 
berg Clinic,  would  be  indicated  in  those  relatively  rare  cases  in  which 
retraction  of  the  mesocolon  does  not  leave  room  for  a  v.  Hacker  posterior 
gastro-enterostomy,  the  gastro-colic  ligament  is  split  in  a  place  as  devoid 
of  vessels  as  possible,  the  posterior  wall  of  the  stomach  is  drawn  forward 
and  united  before  the  colon  and  omentum  with  an  intestinal  loop  brought 
upward  around  the  latter  organs.  It  is  not  necessary  to  know  anything 
more  about  posterior  antecolic  gastro-enterostomy.  Which  one  of  the 
two  varieties  of  gastro-enterostomy,  anterior  antecolic,  or  posterior  retro- 
colic is  the  better,  is  still  a  very  moot  point  When  we  read  the  reports 
of  those  who  give  v.  Hax^ker's  method  preference  over  Wolfler's,  we 
might  believe  that  the  latter  has  become  obsolete  and  fallen  into  complete 
disuse.  This,  however,  is  by  no  means  true,  as  in  very  many  large 
clinics  and  hospitals  it  is  still  used  as  the  routine  technique,  year  in  and 
year  out,  with  the  best  success.  Each  method  has  its  advantages  and  its 
drawbacks,  and  each  gives  occasionally  rise  to  untoward  sequelae,  and 
particularly  to  the  so-called  circulus  vitiosus,  which  will  be  spoken  of 
more  in  detail  farther  below.  In  our  clinic  we  follow  in  most  cases 
Wolfier' 8  method.'  ' 

'  In  America.  England  and  France  the  universally  adopted  method  is  the  posterior 
retrocolic.  no-loop,  gastro-enterostomy,  to  be  described  later  as  Petersen's  technique. 
(See  page  blS.)— Translator, 
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Anterior  Antecolic  Castro-EnteroBtomy  ( Wolfier). — When  the  stom- 
ach is  full,  a  very  thorough  evacuation  of  the  stagnating  contents  by 
free  washing  with  sterile  water  for  a  few  days  and  once  more  the  even- 
ing just  before  operation  is  absolutely  necessary,  if  hemorrhages  or  the 
very  weakened  condition  or  an  abnormal  susceptibility  of  the  patient  do 
not  prohibit  the  introduction  of  a  stomach-tube.  We  always  perform 
gastro-enterostomy  under  general  anesthesia.  The  patient  lies  flat  on 
his  back,  the  upper  part  of  the  body  slightly  raised.  In  most  cases  the 
abdomen  is  opened  through  a  median  incision,  which  may  end  just  above 
the  navel,  or  be  carried  farther  downward  around  the  left  side  of  the 
latter  according  to  the  degree  of  dilatation  of  the  stomach.  The  peri- 
toneal edges  are  secured  with  peritoneal  clamps.  The  stomach  is  first 
<ielivered  outside  and  examined  in  order  to  gain  an  accurate  idea  of  the 
nature  and  extent  of  the  lesion.  We  look  for  a  place  as  free  as  possible 
from  bloodvessels,  as  near  as  possible  the  greater  curvature  and  the 
pylorus,  but  in  case  of  malignant  disease  at  least  3  to  4  inches  far  from 
the  palpable  outline  of  the  newgrowth.  If  bloodvessels  of  considerable 
size,  arising  from  the  left  gastro-epiploic  artery,  and  running  upward 
should  come  across  our  path,  We  may  carry  with  a  needle  a  ligature 
around  them  close  to  their  origin.  This  does  not  impair  the  nutrition  of 
the  gastric  wall.  We  now  draw  forward  a  cone  of  stomach- wall,  li  to  2 
inches  high  and  5  inches  long,  squeeze  out  with  the  fingers  whatever 
contents  may  still  be  therein,  and  clamp  its  base  with  a  curved  Doyen 
clamp,  just  tight  enough  to  prevent  its  slipping  back  without  contusing 
it.  The  future  place  of  suspension  of  the  intestinal  loop  must  be  the  apex 
of  the  cone.  The  jejunal  loop  we  select  for  the  anastomosis  is  accord- 
ing to  some  authors,  16  to  20  inches,  according  to  others,  24  to  32  inches 
distant  from  the  duodenojejunal  fold.  Finding  this  loop  is  generally 
extremely  simple.  After  the  greater  omentum  and  the  transverse  colon 
have  been  turned  upward,  we  grasp,  on  a  level  with  the  umbilicus,  a  loop 
of  intestine  situated  on  the  left  side  near  the  spinal  column.  As  a  rule, 
we  strike  outright  the  initial  part  of  the  jejunum,  which  is  recognized 
by  the  fact  that  the  loop  does  not  follow  even  when  strong  traction  is 
exerted  on  it.  If  we  should  not  feel  absolutely  sure  about  it,  we  may 
push  aside  the  other  loops  of  small  intestine  downward  and  toward  the 
left  side  by  means  of  broad  retractors  or  of  the  hand — as  the  loops  are 
empty,  this  does  not  present  any  difficulty — and  ascertain  by  direct  con- 
trol with  the  eye  that  we  have  really  secured  the  first  jejunal  loop.  We 
then  measure  about  20  inches  from  this  point  in  aboral  direction,  replace 
the  afferent  and  efferent  loops,  and  leave  outside  only  a  segment  about  8 
inches  long,  squeeze  out  its  contents  and  clamp  carefully  both  ends.  To 
this  effect  both  legs  of  the  loop  and  the  mesentery  are  clamped  together 
in  a  straight  intestinal  clamp.  Then  the  abdominal  cavity  is  carefully 
walled  off  on  all  sides  by  gauze  longuettes,  and  we  can  temporarily  nar- 
row the  abdominal  incision  above  and  below  with  two  American  bullet 
forceps,  to  make  the  procedure  still  more  completely  extraperitoneal.    A 
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long  compress  is  laid  between  the  stomach  and  the  jejunum  in  such  away 
that  it  catches  any  stomach  or  bowel  contents  that  may  escape.  Then 
the  gastric  cone  and  the  intestinal  loop  are  placed  upon  one  another, 
attention  being  paid  to  the  fact  that  peristalsis  in  the  bowel  follows  the 
same  direction  as  in  the  stomach,  that  is,  from  left  to  right.  The  peri- 
toneal lining  of  the  stomach  and  intestine  (togetherwith  the  muscularis) 
are  now  united  by  a  Lem- 
bert  suture  for  a  length  of 
from  5  to  6  inches,  directly 
along  the  greater  curvature 
itself  whenever  possible 
{Fig.  491,  top  drawing;  the 
direction  of  peristalsis  is 
indicated  by  an  arrow).  We 
suture  with  ordinary  sew- 
ing needles  and  fine  silk. 
We  must  take  care  not  to 
use  for  that  first  suture  the 
part  of  the  intestinal  cir- 
cumference diametrically 
opposite  the  insertion  of 
the  mesentery,  but  one  sit- 
uated about  i  inch  behind 
this  middle  tine.  Both  ends 
of  the  threads  are  left  long 
and  are  caught  on  both  sides 
in  a  clamp  (Fig.  491,  top). 
Then  the  serous  and  muscu- 
lar coats  of  the  stomach  and 
intestine  are  incised  for  a 
length  of  about  3  inches. 
On  the  right  side  the  in- 
cision begins  J  inch  from  the 
end  of  the  posterior  sero- 
serous  suture.  On  the  left 
side  it  ends  1  or  1^  inches 
from  the  extremity  of  the 
same  suture.    Any  bleeding 

of  importance  is  stopped  by  clamping  and  ligation  of  the  vessels  with 
fine  catgut;  then  the  mucosas  of  the  intestine  and  of  the  stomach  are 
opened,  first  for  a  short  length,  and  the  incision  enlarged  with  knobbed 
scissors  toward  both  sides  to  the  extent  of  the  sero-muscular  incision. 
The  upper  lips  of  the  gastric  and  intestinal  openings  are  each  well  se- 
cured by  a  fixation  loop  and  drawn  apart.  We  then  see  distinctly  the 
lower  edge  of  the  stomach  incision  and  the  upper  of  the  intestinal  inci- 
sion, and  between  the  two  we  see  the  posterior  sero-serous  suture.    Begin- 
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ning  in  one  of  the  angles  we  now  proceed  to  approximate  carefully  both 
afore-mentioned  edges  by  an  interrupted  suture  made  with  intestinal 
needles  and  fine  silk.  To  do  this,  the  mucosa  is  picked  up  close  to  its 
edge,  and  the  needle  is  passed  through  the  muscular  and  serous  coats  of 
the  stomach  and  bowel,  near  the  posterior  serous  suture.  When  the  sur- 
geon uses  a  needle-holder,  draws  the  needle  out  after  its  introduction 
with  a  dissection  forceps,  and  entrusts  the  tying  of  threads  to  an  assist- 
ant, he  can  complete  this  step  of  the  operation  without  bringing  his  fin- 
gers in  contact  with  the  gastric  or  intestinal  contents,  which  is  impossible 
in  case  a  continuous  suture  is  made,  as  for  the  latter  the  needle  is  directly 
held  in  the  hand.  With  such  a  division  of  work,  an  interrupted  suture 
goes  almost  as  quickly  as^a  continuous.  Whatever  gastric  or  intestinal 
contents  may  still  be  found  in  the  wound,  as  long  as  both  organs  are 
opened,  is  wiped  off  carefully  with  small  sponges  mounted  on  forceps. 
Now  the  two  other  wound  edges  are  united  also  with  an  interrupted 
suture,  for  which  step  we  must  take  care  that  the  serous  edges  are 
infolded  toward  the  cavity  of  the  organs  (Fig.  491,  //).  The  anterior 
sero-muscular-mucous  suture  is  then  covered  and  buried  in  the  depth  by 
a  continuous  Lembert  suture,  beginning  at  one  end  of  the  posterior 
serous  suture,  and  ending  at  the  other  (Fig.  491,  III).  The  initial  and 
terminal  ends  of  the  threads  of  the  posterior  and  anterior  sutures  are 
tied  together,  whereby  a  good  closure  of  the  angles  of  the  wound  is- 
insured.  The  efferent  loop  is  then,  following  Wolfler's  method,  attached 
and,  so  to  speak,  suspended  to  the  serous  cover  of  the  stomach,  so  that  it 
runs  from  left  to  right,  and  from  above  downward  (Fig.  491,  IV).  If  we 
stick  to  these  rules,  there  is  no  possibility  of  spur  formation  (see  below, 
circulus  vitiosus)  between  the  stomach  and  the  efferent  loop  of  intes- 
tine. The  vicinity  of  the  gastro-enterostomy  is  cleaned  mechanically 
with  moist  compresses,  the  longuette  laid  between  the  stomach  and  bowel 
is  drawn  a  little  toward  one  side,  cut  in  the  middle,  and  each  end  pulled 
out  from  the  corresponding  side.  The  stomach  is  replaced  in  its  normal 
position,  and  the  abdomen  sutured. 

As  soon  as  the  patient  has  overcome  the  after-effects  of  anesthesia, 
we  must  not  be  afraid  to  give  him  liquids  by  mouth,  even  on  the  first 
day,  as  experience  has  shown  that  the  suture,  when  it  has  been  really 
correctly  executed,  holds  perfectly  on  the  first  day. 

If  pumping  of  the  stomach  could  not  be  carried  out  before  the  opera- 
tion, the  time  during  which  the  stomach  and  bowel  lie  opened  must  be 
shortened  as  much  as  possible.  Incise  then  only  down  to  the  mua^sa 
exclusive,  and  place  a  posterior  sero-muscular  interrupted  suture,  after 
whose  completion  only  the  stomach  and  the  jejunum  are  opened  and  a 
continuous  suture  is  carried  all  around  the  openings,  first  posteriorly, 
next  anteriorly,  so  as  to  close  the  gastric  and  intestinal  lumina  as  quick 
as  possible.  Then  comes  an  anterior  musculo-serous  and,  finally,  a  sero- 
serous  suture.  I  shall  also  say  that  some  surgeons  are  satisfied  with  a 
single  layer  of  sutures.    The  stomach  and  intestine  are  opened  primarily, 
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and  all  the  coats  are  picked  together,  first  on  the  posterior  side,  last  on 
the  anterior,  by  a  number  of  interrupted  stitches.  But  great  care  must 
be  taken  when  proceeding  thus  that  peritoneal  surfaces,  at  least  i  inch 
wide,  should  be  approximated  all  around  the  anastomotic  mouth.  This 
will  be  easy  for  the  skilled  and  well-seconded  surgeon,  but  beginners 
should  be  earnestly  warned  not  to  use  this  simple  method  of  suture. 

Posterior' Retrocolic  CaBtro-EnteroBtomy  after  v.  Hacker. — The  ab- 
domen is  opened,  as  said  above.  The  omentum  and  transverse  colon  are 
turned  upward ;  an  assistant  grasps  with  both  hands  these  two  organs, 
and  also  the  stomach  delivered  through  the  wound,  so  that  the  four  fin- 
gers rest  on  the  posterior  stomach-wall  or  on  the  mesocolon,  and  the 
thumbs  on  the  anterior  aspect  of  the  viscus.  A  twisting  of  about  180^ 
around  its  horizontal  axis  hinges  the  stomach  upward,  and  its  posterior 
surface  is  turned  outward  by  pressure  of  the  thumb.  Said  posterior  sur- 
face is  still  covered  by  the  mesocolon,  which  is  dilacerated,  best  bluntly 
between  two  dissection  forceps,  in  a  place  selected  as  avascular  as  possi- 
ble— the  middle  colic  artery  deserves  our  special  attention — so  that  the 
posterior  surface  of  the  stomach  is  bared  on  an  area  3  or  4  inches  in 
diameter.  The  edges  of  the  mesocolic  slit  are  then  anchored  to  the 
serous  coat  of  the  stomach  by  4  or  6  fine  Lembert  sutures,  v.  Hacker 
originally  selected  a  very  short  intestinal  loop,  and  sutured  it  with  the 
posterior  wall  of  the  stomach  in  isoperistaltic  direction,  that  is,  from 
left  to  right,  under  suture  principles  exactly  the  same  as  for  an  an- 
terior antecolic  gastro-enterostomy.  Others  choose,  just  as  in  anterior 
antecolic  gastro-enterostomy,  a  loop  about  16  to  20  inches  long.  On  the 
strength  of  the  following  considerations,  Petersen  recommends  to  keep 
to  V.  Hacker's  technique  and  gives  exact  rules  as  to  the  length  of  the 
loop.  Figs.  492  and  493  are  borrowed  from  Petersen's  articles.  Peter- 
sen calls  attention  to  the  fact  that  between  the  inferior  horizontal  part 
of  the  duodenum  and  the  beginning  of  the  jejunum  at  the  duodeno-jeju- 
nal  fold,  there  is  still  an  ascending  part  of  the  duodenum.  Under  nor- 
mal relations  this  ascending  part  goes  upward  and  forward  to  reach  the 
level  of  the  first  lumbar  vertebra,  kinks  there  sharply,  passes  through 
the  fold,  and  is  continued  by  the  vertically  descending  initial  loop  of  the 
jejunum.  Therefore,  properly  speaking,  the  duodenimi  does  not  figure  a 
horseshoe,  but  an  almost  complete  ring.  Its  end  is  situated  at  least  as 
high  as  its  initial  segment.  In  gastro-enterostomy  we  must  reckon  with 
that  vertically  descending  direction  of  the  beginning  of  the  jejunum, 
and  consequently  after  a  gastro-enterostomy  done  on  the  deepest  portion 
of  the  stomach,  near  the  greater  curvature,  we  cannot  speak  of  a  right 
and  a  left  leg  of  the  loop,  but  of  an  upper  and  a  lower  one.  The  length 
of  the  intestinal  loop  to  select  for  suspension  may  be  quite  naturally 
inferred  therefrom.  It  must  be  just  as  long  as  the  distance  between  the 
duodeno-jejunal  fold  and  the  greater  curvature;  that  is,  of  from  1  to  4 
inches.  In  dilatation  and  ptosis  of  the  stomach,  the  fold  and  the  duode- 
num fall  but  Kttle.    On  the  contrary,  the  greater  curvature  is  consider- 
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ably  lowered.  If  the  orifice  between  the  stomach  and  jejunum  is  made 
in  this  way,  there  cannot  develop  any  so-called  circulus  vitiosus  (see 
below),  as  natural  conditions  would  hinder  the  ascension  of  the  stomach 
contents  into  the  proximal  segment  of  the  jejunum.  Fig.  492  shows  the 
normal  relations  of  the  stomach  (M)  with  the  jejunum,  the  opening  in 
which  is  made  just  below  the  kink  of  the  arrow.  Fig.  493  is  intended  to 
elucidate  those  relations  on  a  sagittal  section  after  a  gastro-enterostomy. 


Fig.  492, 


The  stomach  is  represented  dilated  and  fallen;  the  anastomosis  is  sup- 
posed to  be  performed  with  a  Muriihy  button. 

Petersen's  contentions  are  best  embodied  in  the  following  modification 
of  V.  Hacker's  original  technique,  described  by  Kocher  under  the  name  of 
vertical  inferior  retrocolic  gastro-jejunostomy.  Fig.  494,  reproduced 
after  Kocher,  shows  the  whole  height  of  the  posterior  wall  of  the  stom- 
ach from  the  greater  (above)  to  the  lesser  curvature,  as  seen  through  a 
slit  in  the  mesocolon;  the  ascending  segment  of  the  inferior  horizontal 
part  of  the  duodenum  {below,  to  the  right)  and  the  initial  segment  of 
the  jejunum  (below,  to  the  left).  The  heavy  dots  indicate  the  ends,  the 
punctuated  line,  the  course  of  the  line  along  which,  in  order  to  insure 
the  vertical  direction  of  the  initial  part  of  the  jejunum,  the  first  jejunal 
loop  must  be  sutured  to  the  stomach  by  a  number  of  serous  stitches,  from 


SURGERY  OF  THE  ABDOMEN 


515 


the  lesser  curvature  to  the  place  on  the  greater  curvature  where  the 
anastomotic  mouth  will  be  made.  Anastomosis  is  then  performed  below, 
in  the  vicinity  of  the  greater  curvature,  in  the  manner  explained  far- 
ther on. 

Against  the  advantage  of  posterior  retrocolic  gastro-enterostomy, 
namely,  to  avert  with  certainty,  when  correctly  made,  the  development 
of  a  circulus  vitiosus,  a  number  of  drawbacks  might  be  lined  up.  1. 
Secondary  narrowing  of  the  anastomosis  by  retraction  of  the  mesocolon. 
This  can  be  prevented  by  the  above-mentioned  stitching  of  the  meso- 
colic  slit  to  the  posterior  wall  of  the  stomach. 
of  the  colon,  which,  however,  need 
not  be  feared  if  the  mesocolon  has 
been  cautiously  divided  in  a  i 


Danger  of  gangrene 


where  bloodvessels  are  really  few 
in  number,  3.  Compression  of  the 
anastomosed  loop  by  the  colon, 
which  need  not  be  taken  into  con- 
sideration when  the  operation  has 
been  carried  out  as  said  before,  be- 
cause then  anatomical  relations  are 
not  essentially  disturbed.  4.  Greater 
difficulty  in  gaining  access  to  the 
stomach,  delivering  it  through  the 
wound,  and  protecting  the  latter 
against  leakage  of  gastric  con- 
tents. Even  if  lengthening  the  fig.  494. 
incision  upward,  so  that  the  assist- 
ant may  draw  strongly  the  stomach  forward,  and  liberally  packing  can 
lessen  a  little  this  difficulty,  it  would  nevertheless  be  highly  desirable, 
especially  as  holding  and  pushing  forward  the  posterior  wall  of  the  stomach 
is  extremely  tiresome  for  the  assistant  entrusted  with  this  task,  to 
possess  an  instrument  which  would  make  possible  the  performance  of  this 
operation  under  as  favorable  circumstances  as  obtain  in  anterior  antecolic 
gastro-enterostomy.  Such  an  instrument  has  been  devised  by  Naratk 
and  called  by  him  gastrophore.  The  gastrophore  grips  the  stomach  as 
does  the  hand  of  the  assistant,  and  is  an  instrument  somewhat  resem- 
bling a  forceps  or  a  pair  of  scissors  (Pig.  495,  /).  It  consists  of  two 
pairs  of  arms,  each  of  which  can  be  rotated  180°  around  a  hinge-joint.  One 
of  the  pairs  of  arms  is  provided  on  its  free  end  with  a  transversely  ob- 
long, convex,  cup-shaped  metal  piece,  the  everter.  The  other  carries  on 
its  end  by  means  of  two  small  cross  pegs  (to  the  left  and  above  in  the 
figure)  an  oblong  metallic  ring,  which  can  be  rotated  around  the  axis 
which  we  can  imagine  passing  through  both  small  pegs.  The  ring  is 
maintained  between  the  latter  by  the  springy  elasticity  of  both  branches. 
If  with  the  fingers  we  spread  the  latter  apart,  the  ring  at  once  falls  com- 
pletely free  from  its  connections  with  the  pegs.     The  finish  of  the  ring 
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must  be  first  claas,  so  that  when  the  instrument  is  closed,  it  fits  very 
exactly  on  the  convex  everter.  On  its  left  end  the  ring  is  provided  with 
a  hinge.  On  the  end  that  opens  it  carries  on  one  side  a  small  tenon,  on 
the  other  a  corresponding  mortise.  When  the  ring  is  closed  and  ad- 
justed between  the  pegs  of  the  above-described  branches,  it  cannot  open 
by  itself,  as  one  of  the  pegs  goes  through  the  tenon.    When  the  inatru- 


FlG.  495. 


ment  is  in  place,  the  stomach  and  transverse  mesocolon  are  gripped 
between  the  everter  and  the  ring.  The  transverse  colon,  the  greater 
omentum,  and  the  greater  curvature  lodge  in  the  interval  between  the 
branches  of  the  instrument.  If  we  close  the  instrument  by  pressing 
together  both  pairs  of  arms,  the  corresponding  parts  of  the  anterior  and 
posterior  stomach  walls  and  of  the  mesocolon  are  pushed  forward,  cut  off 
from  the  general  circulation,  and  maintained  firmly  in  place,  while  all 
structures  lying  between  the  branches  are  not  submitted  to  pressure.  The 
instrument  is  kept  closed  by  a  screw  with  which  we  can  regulate  at  will 
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the  pressure  exerted  on  the  stomach  by  the  ring  and  everter.  The  instru- 
ment is  very  simple  to  handle  (Fig.  495,  IT).  The  omentum,  transverse 
colon,  and  greater  curvature  of  the  stomach  are  drawn  forward  ventrally. 
The  everter  is  applied  on  the  anterior  wall  of  the  stomach,  the  ring  on 
an  avascular  part  of  the  transverse  mesocolon  quite  close  to  the  origin  of 
the  jejunum.  Then  the  arms  are  pressed  quickly  together  and  the  screw 
set.  The  closure  of  the  instrument  must  be  done  rapidly  and  firmly,  as 
otherwise  the  veins  would  be  occluded'  before  the  arteries  and  venous 
stasis  would  result  If  we  now  leave  the  gastrophore  alone,  it  takes 
spontaneously   an  upward  direction, 

and    pushes    forward    the    posterior      V       -jy      / 

wall  of  thestomach  and  the  mesocolon     1 _.....>s<!.....^^ — 

(Fig.  495,  IT) .  By  slipping  abdominal 
towels  underneath,  we  may  still  bring 
the  parts  more  forward.  The  meso- 
colon is  then  torn  bluntly,  pushed  back 
all  around  the  ring,  and  sutured  by  a 
few  stitches  to  the  posterior  wall  of 
the  stomach.  Naratk  recommends, 
when  the  mesocolon  is  very  thick  and 
fat,  first  to  incise  it  and  then  only  to 
close  permanently  the  instrument,  so 
as  to  secure  more  space.  The  size  and 
shape  of  the  ring  have  been  so  calcu- 
lated that  we  can  easily  make  three 
tiers  of  sutures  uniting  the  stomach 
and  bowel.  We  make  only  two,  the 
different  steps  of  which  are  repre- 
sented in  Fig.  494,  ///,  IV,  and  V. 
The  gut  is  excluded  by  means  of  a 
Doyen  clamp.  With  the  Narath  gas- 
trophore, there  cannot  be  any  ques- 
tion of  suspending  a  jejunal  loop  as  Fio.  496. 
short  as  Petersen  says  is  necessary. 

Removal  of  the  gastrophore  is  very  simple.  Open  the  pressure  screw, 
free  the  ring  by  spreading  apart  both  arms  that  carry  it,  hinge  the  ring 
open  (Fig.  495,  IV),  and  take  it  away  on  the  side. 

Kocher'a  Anterior  Antecolic  Gattro-Enteroatomy.— This  method  is 
named  by  Kocher  inferior  vertical  gastro-jejunostomy;  and,  according  to 
him,  prevents  reflux  into  the  stomach  of  the  bile  and  pancreatic  juice 
poured  by  the  liver  and  pancreas  into  the  upper  part  of  the  bowel;  said 
reflux  being  harmful  anyhow  only  when  its  flowing  into  the  lower  seg- 
ment of  the  gut  is  not  sufficiently  free.  With  this  method  of  Kocker's,  the 
opening  between  the  stomach  and  the  bowel  cannot  be  made  of  any  size 
we  choose,  but,  on  the  contrary,  is  limited  by  the  diameter  of  the  intes- 
tines; »i.nd  in  those  cases  where  some  food  still  passes  from  the  stomach 
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into  the  upper  intestinal  segment  through  the  pylorus,  if  the  operation 
has  not  been  executed  absolutely  correctly,  there  is  danger  of  kinking 
and  pressure  on  the  efferent  loop.  The  anastomosis  is  made  as  much  as 
possible  in  the  most  dependent  point  of  the  stomach  on  the  greater 
curvature,  in  the  vicinity  of  the  pyloric  region,  and  not  high  up  midway 
between  the  greater  and  lesser  curvatures,  as  shown  in  Fig.  497,  which 
reproduces  an  older  Kocker  illustration.  Kocher  begins  by  making  a 
cross  valve  in  the  bowel  by  means  of  an  infolding  BUture  (Fig.  496). 
The  drawing  makes  the  mode  of  execution  sufficiently  clear,  but  the  valve 
ought  not  to  reach  as  low  in  the  gut  as  shown  in  the  lowest  illustration; 
but,  at  most,  to  obstruct  the  upper  half  of  the  lumen  of  the  bowel,  so  that 
the  contents  of  the  afferent  intestinal  loop  can  freely  empty  into  the  effer- 
ent   This  valve  guides  directly  the  gastric  contents  into  the  efferent 


Jejunum 

Fig.  497. 

loop.  After  a  posterior  continuous  sero-serous  suture  (Fig.  497),  the 
stomach  and  jejunum  are  opened  through  a  slightly  convex  incision,  and 
a  posterior  muco-musculo-serous  suture  is  placed  as  indicated  by  the 
dotted  line.  Then  follows  the  anterior  sero-musculo-mucous  suture  in 
the  spot  indicated  by  small  circles,  and  the  anterior  sero-serous  burying 
suture. 

Gastro-enterostomy  by  means  of  the  Murphy  button  {see  below.  In- 
testinal suture)  nowadays  is  performed  only  by  very  few  operators,  and 
consequently  needs  no  more  detailed  description.  Its  technique  does  not 
differ  from  lateral  anastomosis  of  two  intestinal  loops  by  means  of  the 
same  button  (see  farther  below). 

Among  the  untoward  contingenciea  that  may  happen  after  a  gastro- 
enterostomy, we  should  have  to  mention  first  leakage  through  the  suture^ 
but  this  can  be  avoided  with  certainty  if  the  rules  laid  above  for  Lembert 
and  Czemy-Albert  sutures  are  rigorously  heeded.  Another  complication, 
special  to  antecolic  anterior  gastro-enterostomy,  can  have  its  source  in 


SURGERY  OF  THE  ABDOMEN 


519 


the  transverse  colon.  The  latter  and  the  folded  omentum  may  eventually 
press  on  the  afferent  and  efferent  loops,  or  vice  verscL,  and  disturbances 
in  the  circulation  of  the  intestinal  contents  may  arise.  But  this  happens 
only  when  the  suspended  loop  has  been  selected  too  short.  Secondary 
stenosis  of  the  anastomotic  mouth  is  best  warded  off  by  giving  the  latter 
a  sufficient  length,  e.g.,  3  to  4  inches.  Especially  in  cases  of  marked 
dilatation  in  which,  once  evacuation  is  effected  under  better  conditions, 
an  extraordinary  shrinkage  takes  place  in  the  course  of  time,  such  a  nar- 
rowing of  the  anastomosis  must  be  reckoned  with,  and  therefore  a  very 
large  opening  must  be  made  at  the  outset.  The  most  untoward  sequel  of 
gastro-enterostomy  is  the  already  often  alluded  to  circulus  vitiosus,  for 
which  name  Petersen  wants  to  substitute  that  of  regurgitation.  But  the 
appellation  of  circulus  vitiosus,  first  given  by  Mikulicz,  has  gained  such 
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a  hold  that  it  will  be  hard  to  unroot.  Normally,  the  gastric  contents 
ought  to  empty  into  the  efferent  loop.  But  if,  owing  to  certain  causes, 
it  flows  into  the  afferent  jejunal  loop,  it  collects  backward  in  the  jejunum 
and  duodenum,  surges  back  into  the  stomach  if  the  pylorus  is  patent,  and 
thence  the  circle  starts  anew  until  the  stomach,  the  duodenum,  and  the 
segment  of  jejunum  situated  above  the  neostomy  are  filled  to  overflow- 
ing (see  Fig.  498).  This  segment  of  intestine  becomes  enormously 
dilated  while  the  efferent  loop  and  the  aboral  part  of  the  bowel  collapse 
always  more  and  more.  During  the  first  two  days  following  gastro- 
enterostomy, vomiting  may  be  ascribed  to  the  after-effects  of  general 
anesthesia.  But  if  it  keeps  on  during  the  third  day,  if  the  upper  part 
of  the  abdomen  bulges  while  the  lower  flattens,  if  the  urine  becomes 
scanty,  there  is  undoubtedly  an  obstacle  to  the  natural  circulation  of  the 
gastro-intestinal  contents,  which  may  be  due  to  several  different  causes. 
For  instance,  it  may  be  that  peristalsis  of  the  stomach,  which  propagates 
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from  left  to  right,  does  not  coincide  with  that  of  the  bowel,  when  the 
loop  has  not  been  laid  in  iso-  but  in  anti-peristaltic  direction  relatively  to 
the  stomach.  We  already  previously  stated  that  the  jejunum  must  always 
be  arranged  so  that  its  peristalsis  runs  also  from  left  to  right  In  other 
cases,  it  may  be  that  the  afferent  loop  has  been  taken  so  short  that  the 
colon  and  omentum  press  on  it.  For  this  and  the  following  other  reasons, 
a  long  loop  is  preferable  to  a  short  one,  as  in  the  former  (Kader)  nor- 
mally directed  peristalsis  will  be  obtained  easier  than  in  a  short  one. 
Another  possible  cause  is  the  de- 
velopment of  an  intestinal  or  gastro- 
intestinal spur.  After  the  opera- 
tion the  afferent  and  the  efferent 
loops  are  both  just  about  vertical, 
so  that  the  adjoining  walls  of  the 
loop  rest  directly  against  each  other 
(Fig.  498).  The  resulting  septum 
may  be  pushed  against  the  efferent 
loop  by  the  peristalsis  from  left  to 
right  of  the  stomach,  and  occlusion 
of  the  jejunum  result.  A  gastric 
spur  (Fig.  498)  will  then  develop  if 
the  aeroua  surfaces  of  the  stomach 
and  of  the  intestine  are  in  contact 
on  a  larger  area  on  the  pylorus  than 
on  the  cardia  side  of  the  anasto- 
motic mouth.  Peristaltic  pressure 
of  the  stomach  applies  then  this 
more  yielding  part  of  the  parietes 
as  a  valve  on  the  efTerent  intestinal 
loop.  The  combined  actions  of  both 
a  stomachal  and  an  intestinal  spur 
cause  a  particularly  severe  hin- 
drance to  circulation  of  the  alimen- 
tary matter.  The  rule  to  be  de- 
ducted therefrom  has  already  been 
given:  namely,  to  stitch  more  the 
serous  coat  of  the  stomach  to  the 
afferent  loop  on  the  cardia  side  than  to  the  efferent  on  the  other  (Fig. 
499).  Others  first  suspend,  by  a  few  serous  stitches,  the  afferent  loop 
higher  on  the  anterior  stomach-wall,  and  thus  give  it  a  direction  oblique 
from  above  downward  and  from  left  to  right,  whereby  naturally  the 
flow  of  gastric  contents  into  the  afferent  loop  is  practically  made  impos- 
sible. Kocher  tries  to  direct  the  stomachal  contents  into  the  efferent 
loop  by  establishing  a  valve  on  the  afferent  (Fig.  496).  When  the  circu- 
lus  vitiosus  does  not  soon  yield  to  washing  of  the  stomach  or  pumping 
(which  often  brings  out  as  much  as  a  quart  or  two  of  matter  at  a  time), 
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when  the  stomach  refills  in  a  few  hours,  and  the  patient's  condition  sinks 
progressively,  the  circulus  must  be  remedied  as  quickly  as  possible.  The 
most  rational  way  is  to  make  an  entero-anastomosis  between  the  afferent 
and  efferent  loops,  following  BraurCs  method.  After  cleaning  once  more 
thoroughly  the  surrounding  skin  with  ether  and  alcohol,  and  swabbing 
the  whole  operative  field  with  tincture  of  iodin,  the  abdominal  wound 
is  reopened,  the  afferent  and  efferent  loops  are  drawn  out  (a  thorough 
evacuation  of  the  stomach  having  preceded  the  operation)  and  laid 
parallel.  After  their  contents  have  been  squeezed  out,  a  fold  large 
enough  to  allow  a  communication  to  be  established  between  the  two 
intestinal  segments  is  raised  on  each  of  the  latter  by  means  of  a  straight 
Doyen  clamp  (see  Fig.  500) .  The  anastomosis  is  made  exactly  in  the  same 
manner  as  described  for  anterior  antecolic  gastro-enterostomy.  Continuous 
posterior  suture.  The  ends  of  the  threads  are  left  long.  Incision  on 
both  segments  of  intestine,  1  or  IJ  inches  long,  each  end  of  the  incision 
remaining  i  or  i  inch  distant  from  the  corresponding  end  of  the  serous 
suture.  Posterior  interrupted  silk  suture,  including  the  mucosa,  muscu- 
laris,  and  serosa,  and  tied  within  the  lumen  of  the  intestine.  All  the 
while,  the  anterior  edges  of  the  incision  are  drawn  apart  by  means  of 
traction  loops,  as  showm  in  Fig.  500.  Anterior  sero-musculo-mucous  inter- 
rupted suture,  tied  on  the  outer  aspect  of  the  bowel,  the  serous  coat  being 
carefully  turned  inward;  continuous  anterior  Lembert  suture,  the  threads 
of  which  are  tied  with  those  of  the  pos- 
terior homologous  suture.  In  cases  requiring 
haste,  the  anastomosis  may  also  be  made  with 
a  Murphy  button  (see  below) . 

The  best  method  to  avoid  from  the  outset 
the  development  of  a  vicious  circle  is  that 
first  proposed  by  Wolfier,  but  championed 
chiefly  by  Roux,  and  named  by  him  Y  poste- 
rior retrocolic  gastro-enterostomy  (Fig.  501). 
Briefly  stated,  the  procedure  would  be  as 
follows:  After  the  abdomen  is  opened  and 
anatomical  relations  have  been  quickly  ascer- 
tained, the  transverse  colon  is  drawn  for- 
ward, the  mesocolon  spread  taut,  and  divided 
bluntly,  care  being  taken  to  spare  the  blood- 
vessels. The  dilated  prepyloric  segment  of 
the  stomach  is  drawn  through  the  mesocolic 
opening,  and,  if  possible,  delivered  through 
the    abdominal    wound.       The   jejunum    is 

found  in  the  above  described  way,  and  divided  across  from  8  to  16 
inches  below  the  duodeno-jejunal  fold.  The  upper  end  is  closed  by 
means  of  an  intestinal  clamp,  which  also  enables  an  assistant  to  draw 
the  same  toward  the  left  side.  The  lower  afferent  end  is  implanted  into 
the  stomach- wall,  as  will  be  described  later  in  Kocher's  gastro-duodenos- 
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tomy  after  resection  of  the  pylorus.  The  upper  clamped  end  is  implanted 
farther  below  and  to  the  left  into  the  efferent  loop  (according  to  Roux 
from  8  to  12  inches  below  the  gastro-enterostomy,  into  a  longitudinal 
incision  made  on  the  efferent  loop;  according  to  Kocher,  about  2J  inches 
below  the  same  neostomy  into  a  transversal  incision,  involving  half  the 
circumference  of  the  gut,  and  parallel  with  the  course  of  the  bloodvessels 
and  the  circular  muscular  fibres).  It  is  evident  that  such  an  arrangement 
altogether  precludes  the  possibility  of  regurgitation  of  any  of  the  stom- 
achal contents  into  the  afferent  loop.  But  there  are  two  anastomoses  to 
make  in  all  cases,  and  the  technique  of  end-to-side  implantation  is  decid- 
edly more  difficult  than  that  of  side-to-side  anastomosis. 

When  these  different  methods  are  correctly  executed  technically,  all 
will  give  good  results.  K  we  have  misgivings,  let  us  systematically 
select  BraurCs  entero-anastomosis  in  each  case  of  gastro-enterostomy.  If 
we  have  mastered  Roux's  technique,  let  us  use  his  method. 

Kocher*s  Lateral  Gaatro-Duodenostomy. — iCbc/t^*  advocates  estab- 
lishing a  communication  between  the  vertical  part  of  the  duodenum  and 
the  prepyloric  segment  of  the  stomach  in  those  cases  in  which  emptying 
of  the  stomach  through  the  normal  channels  is  impeded,  but  not  stopped, 
and  in  which,  consequently,  there  is  not  a  high  degree  of  dilatation  with 
deepening  of  the  greater  curvature ;  and  when,  besides,  the  duodenum  can 
be  easily  made  movable  by  means  of  the  iiCbc/?^?' process,  as  briefly  set  forth 
above,  and,  finally,  the  parts  of  the  walls  of  the  duodenum  and  stomach 
implicated  in  the  suture  are  healthy.  Extensive  adhesions  and  marked 
dilatation  contraindicatethe  method,  as,  in  the  latter  case,  the  new  mouth 
between  the  stomach  and  the  duodenum  lies  too  high  and  cannot  insure  a 
satisfactory  evacuation.  Kocher  advises  a  right-sided  paramedian  incision 
on*  the  lower  end  of  which  another  is  drawn  perpendicularly  toward 
the  right  side  across  the  rectus  muscle.  An  assistant  holds  forward 
with  both  forefingers  the  duodenum  and  the  pyloric  region  of  the  stom- 
ach. In  case  the  duodenum  is  not  movable  enough,  the  peritoneum  may 
be  incised  about  i  inch  from  its  convex  border,  the  duodenum  lifted  away 
from  the  posterior  abdominal  wall,  and  brought  forward  more  easily. 
Then  the  gastric  and  duodenal  walls  are  laid  parallel  and  clamped  together 
with  a  curved  or  straight  intestinal  clamp,  as  for  a  Braiin  entero-anasto- 
mosis (Fig.  500).  Triple  row  of  sutures:  I,  posterior  serous;  II,  sero- 
muscular; III,  separate  posterior  mucous  suture  passing  into  IV,  anterior 
mucous  suture;  V,  anterior  sero-muscular ;  VI.  anterior  serous  suture. 

Resection  of  the  Stomach 

We  call  resection  the  removal  of  parts  including  the  whole  thickness 
of  the  stomach-wall.  If  the  resected  part  comprises  a  whole  cross-sec- 
tion of  the  stomach,  we  call  the  operation  circular  resection;  if  only  part 
of  the  stomach-wall  on  the  greater  or  lesser  curvatures,  or  on  the  anterior 
or  posterior  aspect  of  the  organ,  we  term  it  partial  resection.    Extirpation 
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of  the  whole  stomach,  together  with  the  cardia  and  pylorus,  is  named  gas- 
trectomy. In  recent  years  partial  and  even  circular  resections  have  been 
performed  not  unfrequently  for  chronic  gastric  ulcer,  while  formerly 
carcinoma  of  the  stomach  was  the  chief,  and  almost  the  sole  indication 
for  this  really  major  operation. 

In  partial  resection  (see  Fig.  502),  the  limits  of  the  segment  of  stom- 
ach to  be  removed  are  marked  out 
on  both  sides  with  carved  Doyen 
intestinal  clamps  of  sufficient  ^^^^  ^^ 
length.  After  the  greater  or  around  th 
lesser  curvature,  as  the  case  may 
be,  has  been  mobilized  by  liga- 
tion of  the  greater  or  lesser 
omentum  (see  below.  Resection 
of  the  pylorus),  the  abdominal 
cavity  is  carefully  walled  off  by 
packing,  the  stomach,  whenever 
possible,  is  delivered  through  the 
abdominal  wound,  and  the  af- 
fected part  of  the  stomach  cut 
away  with  knife  or  scissors  in 
sound,  not  cicatricial,  tissue. 
The  always  very  widely  gaping 
opening  in  the  stomach  is  re- 
paired :  first  on  the  posterior  wall 
by  a  muco-musculo-serous  suture, 
which  is  tied  inside  the  cavity; 
secondly,  by  a  similar  suture  on 
the  anterior  wall,  which  is  tied 
outside;  finally,  beginning  on  the 
posterior  side,  a  Lembert  con- 
tinuous or  interrupted  suture 
buries  the  foregoing  row. 

Circular  rejection  of  the  stomach  is  most  frequently  done  on  the 
pylorus,  and,  for  this  reason,  pyloric  resection  will  be  dealt  with  here  first 
and  comprehensively.  Resection  of  intermediate  segments  does  not  differ 
essentially  from  pylorectomy  as  to  technique.  The  question  of  the  opera- 
bility  of  a  given  case  of  carcinoma  of  the  pylorus  or  stomach  often  cannot 
he  settled  before  the  abdomen  is  opened.  Many  a  time  we  are  then  aston- 
ished to  see  how  much  more  extensive  the  newgrowth  is  than  we  expected 
to  find  it  from  the  data  furnished  by  external  palpation.  Pyloric  resection, 
as  a  rule,  ought  to  be  undertaken  only  when  there  is  a  fair  prospect  of 
removing  the  whole  newgrowth.  If  the  latter  is  no  longer  freely  mova- 
ble, if  metastases  are  present  in  the  peritoneum  or  liver,  or  if  there  is  an 
extensive  infiltration  in  the  regional  lymph  glands,  a  radical  removal  can 
hardly  be  hoped  for.    A  few  surgeons  strain  the  limit  of  operability  so  as 


■*  Stomach  clamps 


FiO.  502. 


r>24 


SURGERY  OF  THE  ABDOMEN 


to  include  also  those  cases  in  which,  with  a  freely  movable  tumor,  there 
exist  in  lymphatic  glands  metastases  that  cannot  be  removed  radically, 
but  no  other  propagations.  They  even  claim  to  have  seen  such  meta- 
stases in  lymphatic  glands  regress  after  removal  of  the  primary  tumor; 
but  this  does  not  tally  with  what  we  know  from  other  experience  about 
the  growth  of  metastases  after  removal  of  the  original  lesion.  If  through 
the  abdominal  wall  we  can  already  feel  large  tumors  adherent  to  the  liver 
and  parietes,  and  there  are  no  symptoms  of  stoiosis,  we  do  not  operate, 
as  even  gastro-enterostomy  would  be  of  no  benefit.  But  even  advanced 
inanition  is  no  formal  contraindication  of  removal,  as  starved  patients 
frequently  stand  this  operation  surprisingly  well,  while  they  often  do  not 
rally  after  the  apparently  lesaer  ordeal  of  gastro-enterostomy  any 
better  than  they  would  after  resection.  However,  free  mobility  and 
operability  are  essential  prerequisites  for  undertaking  an  operation  of 
the  radical  type  in  patients  in  a  run-down  condition.  Lately,  in  most 
cases,  we  have  performed  resection  as  described  by  Kocher  in  his  book. 
For  this  reason,  the  description  now  to  be  given  will  follow  essentially 
his  precepts,  and  the  similarity  between  our  illustrations  and  his  will  be 
manifest  to  everybody. 

The  anatomical  relations  of  the  stomach  with  the  surrounding  organs, 
particularly  the  duodenum,  liver,  and 
transverse  colon,  as  described  in  the 
introduction  of  this  chapter  (page  495 
and  following)  are  of  importance  here, 
and  so  is  what  has  been  said  at  that 
time  about  the  blood-supply  of  the 
stomach  and  transverse  colon. 

BiUrotk's  name  is  intimately  linked 
with  the  technique  of  gastric  resec- 
tion, and  two  of  the  operative  methods 
mentioned  below  are  called  by  abbre- 
viation "Billroth  I"  and  "Billroth  H." 
It  seems  to  me,  however,  that  the 
brilliant  results  obtained  by  Kocher 
with  his  method  of  stomach  resection, 
and  the  predilection  many  surgeons 
show  for  the  latter,  justify  placing 
Kocher's  technique  before  the  older 
one  of  Billroth.  The  merit  of  the 
latter  is  not  thereby  diminished. 

Besides  long  ordinary  intestinal 
clamps  (see  Fig.  472  and  473  on  page 
491),  we  need  Kocher's  crushmg  forceps,  and  even  in  two  models,  namely, 
the  long,  longitudinally  striated,  gastric  crusher  and  the  short  intestinal 
crusher  (Fig.  504).  These  instruments  crush  so  strongly  that  the  tissues 
grasped  between  their  blades  are  certainly  destroyed;  but  this  presents 
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no  inconvenience,  as  the  crushed  groove  is  not  used  for  the  suture,  but, 
on  the  contrary,  is  turned  in  by  the  latter  in  the  lumen  of  the  stomach 
or  gut.  Bleeding  from  the  large  bloodvessels  of  the  stomach  need  not 
worry  us  either,  as,  after  removing  the  crusher,  we  see  very  well  the 
lumina  of  the  larger  vessels,  which  we  can  secure  with  forceps  and  ligate 
at  leisure.  Kocher  himself  has  not  observed  any  of  those  unpleasant 
sequelae,  and,  personally,  in  extremely  numerous  resections  of  the  stomach 
performed  in  dogs,  I  never  saw  the  slightest  after-bleeding,  even  when 
no  subsequent  ligatures  were  applied,  though  the  stomach  of  dogs  pos- 
sesses enormous  bloodvessels.  Besides  simplifying  hemostasis,  these  two 
instruments  insure  a  safe  temporary  exclusion  of  the  stomach  and  bowel. 
Both,  and  more  particularly  the  intestinal  clamp,  facilitate  the  suture  for 
the  anastomosis,  because  they  enable  us  to  draw  forward  the  bowel  and 
to  hold  it  in  contact  with  the  stomach  during  the  laying  of  the  posterior 
serous  suture. 

For  resection  of  the  stomach  median  inciaiona  are  almost  universally 
used  nowadays.  They  begin  on  the  tip  of  the  ensiform  process,  and 
extend  beyond  the  navel,  the  left  side  of  which  they  circle.  Should 
accessibility  to  the  pyloric  region  not  be  sufficient  with  such  an  incision, 
especially  in  case  of  a  big  carcinoma,  we  may  add  a  transverse  incision 
across  the  rectus  muscle  in  the  most  appropriate  point,  but  not  through  a 
tendinous  intersection.  It  goes  without  saying  that  we  shall  first  make 
our  incision  short  and  ascertain  by  direct  palpation  and  inspection  of 
the  stomach  the  possibility  of  removing  all  diseased  tissue,  before 
enlarging  the  opening  in  the  abdominal  walls  to  such  an  extent.  Small 
superficial  or  stringlike  adhesions  which  can  be  easily  broken  do  not 
necessarily  mean  inoperability.  But  when  dividing  these,  we  must  be 
carefully  on  the  lookout  for  any  oozing,  and  ligate  either  directly  or 
mediately  all  bleeding  vessels.  After  carefully  walling  off  the  rest  of 
the  abdominal  cavity  with  broad  gauze  longuettes  and  large  towels,  we 
begin  the  detachment  of  the  stomach  near  the  pyloric  part  of  the  duo- 
denum, where  often  lymphatic  glands  have  to  be  removed  together  with 
the  insertion  of  the  greater  omentum.  To  do  this,  the  transverse  colon 
and  the  hepatic  flexure  of  the  colon  must  be  drawn  and  kept  out  of  the 
way  toward  the  left  side.  The  superior  pancreatico-duodenal  artery 
(branch  of  the  hepatic  artery),  which  appears  behind  the  duodenum 
(superior  horizontal  part)  in  the  groove  between  the  head  of  the  pancreas 
and  the  duodenum  and  anastomoses  below  with  the  inferior  pancreatico- 
duodenal artery,  branch  of  the  superior  mesenteric  artery,  may  be  ligated 
without  causing  any  circulatory  disturbances.  The  root  of  the  mesocolon, 
in  which  runs  the  middle  colic  artery,  crosses  transversely  the  lower  part 
of  the  vertical  segment  of  the  duodenum,  and,  unless  extensive  adhesions 
are  present,  is  not  in  our  way.  (However,  when  there  are  extensive 
adhesions,  this  artery  can  be  wounded.  If  such  a  mishap  should  occur, 
we  must  examine  carefully  the  color  and  consistency  of  the  colon,  and  the 
pulsations  of  its  bloodvessels,  to  find  out  whether  it  can  live,  or  is  in  dan- 
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ger  of  necrosis.  In  the  latter  case,  the  operation  becomes  much  more 
serious,  as  .we  must  remove  widely  and  in  surely  sound  tissue  the  corre- 
sponding segment  of  the  colon.  Resection  of  the  colon  entails  great  danger, 
as  the  nearer  we  come  to  the  end  of  the  gut,  the  more  septic  its  contents. 
Such  a  resection  of  the  large  intestine,  followed  by  end-to-end  suture  or 
blind  closure  of  both  ends  with  side-to-side  anastomosis,  leads  very  often 
to  a  fatal  peritonitis.    The  technique  of  resection  of  the  large  intestine 
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will  be  described  farther  below.)  The  omentum  is  ligated  along  the 
greater  curvature  in  small  bundles,  in  the  .first  of  which  we  outright 
include  the  right  gastro-epiploic  artery,  close  to  the  greater  curvature,  so 
as  to  avoid  here  again  injuring  the  mesocolon.  If  we  tilt  slightly  the 
stomach  so  as  to  bring  the  greater  curvature  forward,  insinuate  the  fin- 
ger between  the  colon  and  the  greater  curvature,  and  thus  press  forward 
the  posterior  wall  of  the  stomach,  it  becomes  easy  to  divide  bluntly  the 
gastro-colic  ligament  with  a  Kocher  spatula.  Once  a  breach  has  been 
opened  in  said  ligament,  subsequent  ligation  is  a  simple  matter.     The 
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greater  omentum  must  be  detached  from  the  greater  curvature  to  a  point 
at  least  2i  inches  beyond  the  limit  of  the  growth.  When  this  has  been 
done,  we  turn  our  activity  toward  the  upper  border  of  the  duodenum  and 
the  lesser  curvature.  While  the  tumor  is  maintained  between  the  fore- 
finger introduced  into  the  omental  bursa  and  the  thumb,  it  is  easy  to  push 
forward  the  lesser  omentum  above  the  pylorus,  to  tear  it  bluntly  with  a 
Kocker  spatula  on  the  tip  of  the  left  index  or  middle  finger  (the  operator 
standing  to  the  left  side  of  the  patient),  and  to  slip  the  spatula  under- 
neath the  bundle  of  omentum  and  bloodvessels.  The  latter  are  then 
secured  with  hemostats,  or  constricted  by  a  long  double  thread  (compare 
detachment  of  the  mesentery  in  intestinal  resection.  Fig.  524  and  follow- 
ing). I  decidedly  prefer  ligation  to 
clamping.  For  vascular  ligatures  I  use 
as  a  rule  fine  catgut,  while  many  other 
surgeons  recommend  to  use  nothing  but 
silk  or  linen  threads  for  ligations  within 
the  abdomen.  The  lymphatic  glands  sit- 
uated between  the  two  layers  of  the 
lesser  omentum  are  removed  with  it  so 
that,  together  with  the  omentum,  they 
remain  in  direct  connection  with  the 
stomach.  Here  also  the  detachment  of 
the  lesser  omentum  must  be  carried  at 
least  2i  inches  beyond  the  limit  of  the 
tumor.  Toward  the  duodenum,  it  is  not 
necessary  to  carry  the  detachment  so  far, 
as  in  most  cases  carcinoma  of  the  pylorus 
grows  but  little  in  that  direction,  and 
ends  abruptly.  But  as  Bmrmann  has 
shown,  there  are  exceptions  to  this  rule. 
When  removing  the  tumor,  keep  on  the 
stomach  side  at  least  from  2  to  2i  inches 
away  from  the  outline  of  the  tumor. 
On  the  duodenal  side  it  suffices  to  excise  together  with  the  tumor  a  cuff 
of  healthy  intestinal  coats  i  inch  wide.  But  if,  on  account  of  the  numer- 
ous lymph  glands  contained  therein,  it  has  been  necessary  to  excise  a 
very  great  part  of  the  lesser  omentum,  make  the  last  ligature  reach 
almost  the  lesser  curvature  and  include  the  left  gastric  artery  (gastric 
coronary).  For  the  resection  proper,  a  big  stomach  crushing  forceps  is 
placed  from  below  upward  at  2  inches'  distance  from  the  limit  of  the 
growth,  and  tightened  as  firmly  as  possible  (Fig.  505).  A  second  stom- 
ach crushing  forceps,  of  equal  size  and  curve,  is  placed  close  to  the  first 
one  on  the  segment  of  stomach  that  will  be  sacrificed.  Between  the  two, 
and  close  to  the  first  one,  the  stomach  is  cut  by  sawing  strokes  of  the 
knife.  The  part  to  resect  is  wrapped  up  in  a  long  gauze  compress  held 
behind  the  crusher  by  means  of  a  curved  intestinal  clamp,  and  folded 
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over  toward  the  right  side.  Kocker  rubs  thoroughly  with  lysol  and  alco- 
hol the  cut  surfaces  of  the  sound  part  of  the  stomach.  With  Graaer  I 
prefer  to  cauterize  them  with  the  Paquelin  tip.  This  being  done,  by 
means  of  the  forceps  holding  the  diseased  part  of  the  stomach  we  pull 
strongly  on  the  duodenum,  bring  it  forward,  ascertain  that  it  will  allow 
of  a  good  approximation  with  the  stomach,  place  on  the  duodenum  J  inch 
from  the  limit  of  the  tumor  (Fig.  507)  an  intestinal  crusher,  and  a 


second  directly  near  by,  cut  the  bowel  between  the  two,  rub  again  thor- 
oughly the  cut  surface  with  lysol  and  alcohol,  or  cauterize  them,  and 
remove  the  tumor.  A  mattress  suture  (Fig.  506)  is  made  with  stout  silk 
directly  along  the  bhides  of  the  crushing  forceps  by  means  of  which  an 
assistant  draws  strongly  the  stomach  forward.  The  thread  is  knotted 
after  the  first  stitch,  and  also  after  the  last.  As  ^ocAer'amodel  of  crushing 
clamp  compels  us  to  pass  the  silk  through  the  inside  of  the  stomach,  and 
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soiling  is  therefore  inevitable,  Graser  uses  as  stomach  and  intestinal 
crushers  clamps  fenestrated  (suture  groove)  in  the  middle  part  of  their 
blades,  and  with  which  the  closing  suture  can  be  executed  very  safely 
and  conveniently  (see  Fig.  544,  about  Resection  of  the  large  intestine). 
The  assistant  now  grasps  both  the  free  ends  of  the  thread,  and  through 
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these  holds  the  gastric  stump  high  (Fig.  507).  If,  after  the  mattress 
suture  is  made,  the  crushed  groove  should  still  be  too  bulky,  we  can  clip 
a  strip  of  it  with  Cooper  scissors.  It  is  best  to  secure  and  ligate  large 
bloodvessels,  even  if  they  do  not  bleed.  If  they  bleed,  it  goes  without  say- 
ing that  they  must  be  clamped  and  ligated.    Then  the  crushed  groove  is 
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buried  in  the  depth  by  a  continuous  silk  Lembert  sero-musculo-musculo- 
serous  suture,  for  which  we  use  round  needles.  This  suture  is  begun 
beyond  one  of  the  traction  threads.  The  peritoneum  is  there  raised  in 
two  folds,  and  thence  the  suture  passes  in  front  of  the  fixation  thread,  so 
as  well  to  bury  the  angle  of  the  crushed  groove.     This  angle  is  infolded 
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under  the  sero-serous  suture  by  an  assistant.  The  same  is  repeated  at 
the  other  end.  The  ends  of  the  threads  of  the  mattress  suture  are  tied 
with  those  of  the  first  Lembert  suture.  Over  the  latter  a  second  is 
placed,  which  need  not  be  carried  so  deep  through  the  muscular  coat. 
The  stitches  ought  not  to  be  more  than  i  inch  apart  from  each  other. 

I  interrupt  here  for  a  short  time  the  description  of  the  operation  to 
speak  of  the  different  methods  used  to  reunite  the  stomach  and  bowel. 
Fig.  508  represents  diagrammatically  the  normal  rela^ 
^^^         tions  of  the  stomach  to  the  duodenum  and  upper  jeju- 
^^^H         num.     Fig.  509  shows  the  reunion  of  the  stomach  and 
^^^^k        gut  after  the  method  called  "Billroth  I."     In  the  latter 
^^^^^^       the  stomach  is  closed  by  an  at  least  double  row  of 
^^^^^H        Czemy  sutures,   beginning  on  the    lesser  curvature. 
J^B^^-^      till  there  remains  only  in  the  lower  angle  an  opening 
'^^^m^T^      equal  in  size  to  the  cross-section  of  the  duodenum.    The 
~T»^»~^       latter  is  implanted  into  said  opening  by  an  also  at 
Fic.  512.         least  double  row  of   stitches,   whereby  the  circular 
gastro-duodenal    suture    is    made    perpendicular    to 
the  longitudinal  line  of  closure  in  the  stomach.    With  this  technique, 
even  when  the  suture  has  been  carefully  executed,  defects  have  been 
frequently  observed  at  the  crossing  point,  and  for  this  reason  many  sur- 
geons, among  whom  Billroth  himself,  have  given  up  this  first  method. 
But,  even  now,  it  has  still  a  few  partisans.  Bier  for  instance.     Wolfier'a 
method  of  gastro-jejunostomy  needs  no  further  description  here  after 
what  has  been  said  before  (Fig.  510).    Others  (Fig.  511)  make  v.  Hacker's 
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posterior  gastro-enterostomy,  others  still  Kocher's  gastro-enteroatomy 
with  both  legs  of  the  loop  placed  sagittally  one  behind  the  other  (Fig. 
512).  Kocher  himself  comes  out  most  emphatically  for  implantation  of 
the  duodenum  into  the  posterior  stomach-wall  (Fig.  513),  so  as  to  have 
the  final  postoperative  anatomical  relations  resemble  the  natural  as 
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closely  as  possible,  as  happens  with  "Billroth  I,"  Koeher  considers 
resection  of  the  stomach  followed  by  gastro-jejunoatomy  a  good  opera- 
tion only  when  an  entero-anastomosis  is  forthwith  added  as  a  comple- 
mentary measure  to  ward  off  the  development  of  a  circulus  vitiosua,  or 
when  Roax'  Y  gastro-enterMtomy  is  resorted  to.  With  these  methods 
the  treatment  of  the  duodenal  stump  is  not  easy,  and  Brunner  has  proved 
that  leaki^e  through  the  suture  of  said  stump  is  not  unfrequently 
responsible  for  abscesses  and  generalized  peritonitis.  Koeher  attributes 
chiefly  this  untoward  result  to  a  moderate  degree  of  circulus  vitiosus, 
and  consequently  advo* 
cates,  as  already  stated, 
the  systematic  adjunction 
of  a  Braun  entero-anas- 
tomosis to  the  gastro- 
jejunostomy, while  BntTi- 
ner  in  cases  in  which  the 
duodenum  had  to  be  re- 
sected almost  as  far  as 
the  head  of  the  pancreas, 
recommends  to  hem  the 
parietal  peritoneum 
(which  eventually  must 
be  detached  from  the  pos- 
terior abdominal  wall) 
around  the  duodenal 
stump  sutured  as  well  as 
possible,  and  thus  to  make 
the  latter  extraperitoneal. 
The  resulting  inflamma- 
tion of  .the  external 
wound  is  easy  to  control, 
and  does  not  threaten 
life.  Anyway,  since  he 
began  resorting  to  this 
technique,  Brunner  lost  no  more  patients  from  generalized  peritonitis. 
On  the  duodenal  suture  Brunner  lays  iodoform  gauze,  which  he  brings 
out  through  the  upper  angle  of  the  wound. 

I  now  return  toXoc/ier'spylorectomy  with  gastro-duodenostomy.  The 
last  serous  suture  having  been  made  (see  Fig.  515),  a  Doyen  elastic-blade 
intestinal  clamp  (not  a  crumher)  is  placed  proximal  to  the  line  of 
suture  of  the  stomach.  The  latter  organ  is  drawn  forward  by  an  assist- 
ant and  so  twisted  around  its  horizontal  axis  that  its  posterior  wall  looks 
forward.  Then  the  duodenal  stump  still  held  in  the  intestinal  crusher  is 
brought  near  the  stomach,  and,  the  crusher  being  all  the  while  left  in  situ, 
united  by  a  continuous  or  interrupted  Lembert  suture  to  the  project- 
ing cone  of  stomach,  just  above  the  greater  curvature.    To  do  this,  the 
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intestinal  crusher  is  rotated  about  90°  around  its  long  axis.  The  pos- 
terior serosa  of  the  duodenal  stump  applies  against  that  of  the  stomach, 
and  can  be  easily  sutured  for  its  whole  length  to  the  latter.  The  stomach 
is  then  opened,  and  whatever  contents  may  trickle  out  is  caught  in  a 
gauze  sponge.  Of  course,  a  long  gauze  compress  has  been  already  pre- 
viously laid  between  the  stump  and  stomach,  and  the  rest  of  the  abdom- 
inal cavity  isolated  by  packing.  The  free  end  of  the  stomachal  wound  is 
transfixed  by  a  silk  loop,  which  serves  to  draw  it  over  toward  the  left  side 
(Fig.  516) .  The  intestinal  crusher  is  removed,  the  anterior  edge  of  the 
duodenum  (the  lumen  of  which  is  easily  reopened  with  any  blunt  ended 
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instrument)  is  held  also  by  a  silk  loop,  which  an  assistant  draws  toward 
the  right.  Now  we  make  a  posterior  muco-musculo-seroua  inter- 
rupted suture  as  for  a  gastro-enterostomy.  Over  this  an  anterior  sero- 
musculo-mucous  suture,  the  tying  of  which  is  begun  in  the  angles,  care 
being  taken  to  approximate  broad  serous  surfaces.  Finally  comes  the 
anterior  serous  suture,  the  free  thread  ends  of  which  are  knotted  with 
those  of  the  posterior  suture.  Mopping  of  the  operative  field  with  gauze 
compresses  moistened  with  lysol,  removal  of  the  stomach  clamp,  reposi- 
tion of  the  organs,  suture  of  the  abdomen  without  drainage. 

In  the  cases  in  which  the  duodenal  stump  remains  long  enough, 
Kocher's  method  is  undoubtedly  the  simplest,  as  we  have  to  make  only 
t)ne  line  of  suture  to  close  the  stomach  and  to  implant  the  duodenum  into 
the  posterior  gastric  wall,  and  we  avoid  the  already  mentioned  danger- 


SURGERY  OP  THE  ABDOMEN  533 

ous  perpendicular  crossing  of  two  lines  of  sutures,  as  happens  in  ''Bill- 
roth I.''  Moreover,  a  vicious  circle  cannot  develop,  and  the  post-opera- 
tive conditions  of  evacuation  of  the  stomach  are  the  most  favorable  that 
might  be  thought  of.  But  an  essential  prerequisite  is  that  the  duodenal 
stump  should  be  susceptible  of  approximation  to  the  stomach  without 
tension.  In  all  other  methods  than  "Billroth  I,'' two  closing  sutures, 
one  for  the  stomach,  one  for  the  duodenum,  and  at  least  a  gastro-enteros- 
tomy,  are  necessary,  and  naturally  the  operation  takes  considerably  more 
time.  On  the  other  hand,  the  technique  of  implantation  of  the  end  of 
an  intestinal  segment  into  the  side  of  another  segment  of  the  gastro- 
intestinal tract  is  decidedly  more  difficult  than  that  of  simple  side-to-side 
anastomosis. 

In  a  "Billroth  I,"  reunion  of  the  slit  remaining  in  the  stomach  with 
the  duodenal  cross-section  would  be  effected  as  follows:  Beginning  on  the 
stomach  in  the  upper  angle,  a  needle  is  introduced  between  the  mucosa 
(which,  if  exuberant,  must  be  clipped  off)  and  the  muscularis,  next 
brought  out  through  the  serous  lining  about  i  inch  above  the  edge  of  the 
wound ;  then  introduced  i  inch  away  from  the  upper  edge  of  the  duodenal 
cross-section,  pushed  through  the  serosa  and  muscularis,  and  brought  out 
on  the  edge  between  the  muscularis  and  the  mucosa.  The  knot  of  such  a 
stitch  lies  directly  beneath  the  mucosa.  Those  stitches  are  placed  at 
intervals  of  i  of  an  inch  until  the  posterior  circumference  of  the  duode- 
num and  the  posterior  stomach-wall,  down  to  the  greater  curvature,  are 
approximated  together.  Then  the  threads  are  cut  short,  and  we  make  a 
posterior  muco-muscular  suture,  which  buries  in  the  depth  the  knots  of 
the  posterior  musculo-serous  suture.  The  anterior  half  circumferences 
are  united  by  a  Czemy  suture  (see  Pig.  474) .  At  the  right-angle  inter- 
section (already  referred  to)  of  the  circular  gastro-duodenal  suture  and  of 
the  longitudinal  suture  closing  the  stomach,  particular  attention  must  be 
paid  to  an  exact  coaptation  of  both  serous  surfaces. 

Partial  resection  of  the  stomach  in  the  continuity,  for  instance  as 
made  by  Riedel  in  cases  of  gastric  ulcer,  will  be  described  here  according 
to  his  technique.  Provided  an  ulcer  of  the  anterior  stomach-wall  has 
not  yet  perforated  into  the  abdominal  parietes,  but  only  in  the  left  lobe 
of  the  liver,  a  median  incision  of  the  abdomen  is  sufficient.  To  separate 
the  ulcer  from  the  liver,  Riedel  advises  cutting  out  superficially  the  bot- 
tom of  the  ulcer  from  the  liver  substance  itself.  If  we  succeed,  the 
stomach  cavity  remains  as  yet  unopened,  and  no  contents  can  escape. 
The  loss  of  substance  in  the  liver  is  touched  with  the  thermo-cautery  tip. 
Usually  the  liver  is  easily  separated  from  the  ulcer,  which  lies  then  free, 
and  must  be  taken  care  of  temporarily.  Alimentary  detritus  are  most 
carefully  wiped  off.  Having  freed  the  entire  anterior  stomach-wall,  we 
begin  on  the  pyloric  portion.  As  near  the  ulcer  as  possible,  the  right 
gastric  and  gastro-epiploic  arteries,  on  the  lesser  and  greater  curvature 
respectively,  are  doubly  ligated  and  severed.  Two  large  holes  are  di- 
lacerated  in  corresponding  positions,  one  through  the  greater,  the  other 
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through  the  lesser  omentum,  so  that  we  can  carry  a  finger  all  around 
the  stomach.  To  constrict  the  pyloric  segment,  which  it  is  of  capital 
importance  to  handle  as  gently  as  possible,  Riedel  uses  a  rubber  string. 
On  the  other  side  of  the  part  to  be  resected,  a  Kocher  crushing  for- 
ceps is  placed  on  the  lesser  curvature,  another  on  the  greater,  and 
the  stomach  is  cut  across  between  the  rubber  string  and  the  crushers. 
As  the  former  may  occasionally  slip  off,  all  bloodvessels  protruding  on 
the  surface  of  section  of  the  pyloric  part  are  forthwith  carefully  ligated. 
The  cut  surface  is  drawn  out  of  the  abdomen  toward  the  right  side,  and 
covered  with  a  thick  compress  fastened  on  the  stomach  without  bruising 
pressure  by  a  Doyen  gastric  clamp.  If  there  are  present  any  of  the  so 
frequent  adhesions  between  the  gall-bladder  and  duodenum,  we  destroy 
them  before  beginning  the  intervention  on  the  stomach  proper,  so  as 
to  give  the  pyloric  part  the  widest  possible  range  of  motion.  When  said 
pyloric  part  is  fully  mobilized,  delivered  through  the  wound  and  drawn 
toward  the  right  side,  the  middle  part  of  the  stomach  is  detached  from 
the  posterior  abdominal  wall,  which  is  easy  when  there  is  no  ulcer,  or 
when  the  there  existing  ulcer  has  perforated  into  the  serous  membrane. 
But  if  it  has  perforated  into  the  pancreas,  resection  of  the  latter  is  not 
advisable,  on  account  of  the  strong  bleeding  that  would  ensue.  It  is  best 
to  detach  simply  the  stomach  all  around  the  floor  of  the  ulcer,  to  leave 
alone  the  granulating  area  situated  on  the  pancreas,  and  to  cover  it  at 
the  end  of  the  operation  with  a  gauze  tampon,  which  is  brought  out 
through  the  lower  angle  of  the  wound.  The  farther  toward  the  left  we 
go,  the  larger  the  bloodvessels  we  have  to  care  for  on  the  lesser  and 
greater  curvatures,  until  we  come  to  the  second  intended  line  of  section 
on  the  cardia  side  of  the  ulcer.  There  we  once  more  ligate  carefully, 
remove  the  stomach  clamp,  let  the  gastric  contents  escape  into  a  small 
basin  placed  under  the  organ,  if  it  has  not  previously  leaked  out  through 
holes  in  the  stomach-wall,  and  draw  this  cardia  portion  of  the  stomach 
as  far  forward  as  possible,  eventually  after  freeing  it  from  the  vertebral 
column.  Farther  toward  the  left  than  the  projected  line  of  section,  two 
curved  Doyen  gastric  clamps  are  laid  on  the  stomach  so  tight  that  they 
cannot  slip.  The  stomach  is  cut  and  the  bloodvessels  ligated.  If  the 
sizes  of  the  cardiac  and  pyloric  cross-sections  fit  together,  we  simply 
suture  with  very  fine  silk,  first  the  posterior,  then  the  anterior,  stomach- 
wall,  in  the  manner  described  earlier  about  "Billroth  I"  (pages  530  and 
533).  Otherwise,  if  the  surfaces  of  section  are  very  unequal,  one  must 
be  made  smaller,  as  for  a  ** Billroth  I."  If  the  liver  and  pancreas  were 
not  involved,  the  abdominal  wound  is  closed  completely.  If,  on  the  con- 
trary, the  liver  had  to  be  extensively  escharified,  or  if  the  pancreas  was 
implicated  (see  above),  an  iodoform  gauze  tampon  must  be  placed  on 
these  organs,  and  brought  out  through  the  upper  angle  of  the  wound. 
After  about  a  week  a  drainage-tube  is  substituted  for  the  tampon. 
Riedel  gives  nothing  by  mouth  to  his  patients  for  the  first  forty-eight 
hours,  but  feeds  them  by  nutrient  enemata  (without  claret).     A  majority 
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of  Riedel's  patients  left  their  bed  after  three  weeks,  cured.  I  have  given 
a  comprehensive  description  of  RiedeVs  method,  without  for  that 
acknowledging  myself  a  blind  follower  of  RiedeVs  ideas  about  indica- 
tions, but  no  doubt  his  successes  are  most  noteworthy. 

Resection  of  the  Stomach  with  Upturning  of  the  Costal  Arch  as  a 
Preliminary  Step.— The  farther  an  operation  carries  us  toward  the 
cardia,  the  more  difficult  it  becomes  to  gain  access  to  the  region.  A  very 
good  method  enabling  us  to  expose  the  lower  half  of  the  diaphragm  in  its 
middle  and  anterior  portions,  on  the  left  and  on  the  right  side,  and  also 
the  underlying  organs,  left  lobe  of  the  liver,  upper  aspect  of  the  liver, 
cardia,  and  oesophagus,  is  upturning  of  the  costal  arch,  which,  according 
to  Anschiltz,  was  resorted  to  for  the  first  time  by  LanneUmgiie  and  Can- 
niot  Anatomy  teaches  us  that  we  can  remove  the  seventh  costal  carti- 
lage almost  up  to  the  limit  of  the  bony  rib,  the  whole  of  the  eighth, 
ninth,  and  tenth  cartilages,  and  part  of  the  bone  of  the  two  last  ribs, 
without  injuring  the  pleura.  Anschiltz  also  convinced  himself  of  the 
actual  possibility  of  removing  without  any  danger  the  seventh  cartilage, 
and  of  avoiding  still  easily  the  pleura  during  resection  of  the  sixth,  if  we 
only  chisel  away  the  latter  tangentially,  and  cautiously  push  away  bluntly 
the  connective  tissue  surrounding  the  fold  of  reflexion  of  the  pleura. 
The  best  is  a  median  incision  going  from  the  ensiform  process  to  the 
navel  and  which,  according  to  the  needs  of  the  case,  may  be  lengthened 
laterally  toward  the  right  or  left  to  the  lowermost  point  of  the  costal 
arch  by  a  horizontal  cut  across  the  rectus  muscle  between  two  tendinous 
intersections.  The  posterior  leaf  of  the  sheath  of  the  rectus  is  incised 
transversely,  and  the  cut,  when  required,  is  carried  farther  laterally 
beyond  Spigel's  line,  even  through  the  muscular  bellies  of  the  obliques 
and  transverse  of  the  abdomen  if  need  be.  The  rectus  muscle  is  detached 
from  the  costal  arch,  and  the  whole  skin-and-muscle  flap  is  folded  over 
upward  and  toward  the  right  or  left,  so  that  now  we  have  before  us  the 
costal  gridiron  and  the  fascia  transversalis,  together  with  the  peritoneum 
(Fig.  517,  above).  The  costal  cartilages  are  cautiously  divided  in  the 
points  indicated  by  heavy  lines  in  Pig.  517.  The  best  way  is  that 
described  previously:  Pirst  cut  out  a  small  wedge-shaped  piece,  and 
deepen  the  notch  down  to  the  posterior  perichondrium  by  chipping  off 
small  pieces  on  each  side.  Next,  the  seventh  cartilage,  which  frequently 
is  united  with  the  sixth,  is  detached  prudently  together  with  the  latter 
from  the  sternum,  and  the  fascia  transversalis  and  peritoneum  are 
opened  for  the  whole  extent  of  the  external  skin  incision. 

(In  regard  to  exposure  of  the  upper  surface  of  the  liver,  see  farther 
below,  Operations  on  the  liver.) 

Kocher  proposes  to  break  forcibly  the  costal  arch  at  the  junction  be- 
tween the  cartilage  and  bone,  by  first  making  the  incision  through  the 
fascia  transversalis  and  peritoneum,  setting  the  thumbs  on  the  outer  sur- 
face of  the  costal  arch,  hooking  the  latter  with  the  bent  forefingers,  and 
turning  it  upward  and  outward  till  it  snaps.     After  doing  this  on  the 
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left  side,  we  have  before  us  the  lower  surface  of  the  diaphragm  with  the 
oesophageal  hiatus,  through  which  passes  the  oesophagus  and  the  cardia. 

Resection  of  the  cardia  has  indeed  been  performed,  but  so  far.  only 
with  lethal  outcome  in  all  cases.  It  is  frequently  undertaken  experi- 
mentally, but  researches  in  this  iield  are  not  yet  conclusive.  I  refer  to  the 
following  recent  studies:  Sauerbruch:  " Anaatomosia  Between  the  Stom- 
ach and  (Esophagus,"  ZentraJhl.  f. 
Chir..  1905,  p.  81;  the  same,  "Ex- 
perimental Study  on  Surgery  of  the 
Thoracic  Segmentof  the  (Esophagus," 
Beitr.  zur  klin.  Chir.,  Bd.  46,  p.  405; 
Tiegel  "On  the  Technique  of  Endotho- 
racic  Resection  of  the  CEsophagus," 
Zentralb.  f.  Chir.,  1909,  No.  29,  p. 
1005.  Tiegel's  anastomosis  between 
the  stomach  and  oesophagus  by  means 
of  a  modified  Murphy  button  seems 
to  me  a  particularly  brilliant  proced- 
ure. 

To  the  class  of  heroic  operations 
on  the  stomach  belongs  also  the  com- 
plete removal  of  the  organ,  total  gas- 
trectomy, which  was  for  the  first  time 
performed  hy  Schlatter  with  temporary 
success.  Of  course  we  may  speak  of 
complete  extirpation  of  the  stomach 
only  when  the  pylorus  and  cardia  are 
removed  with  the  rest  Reunion  of  the 
oesophageal  and  duodenal  stumps  is  at- 
tended by  a  relative  degree  of  safety 
only  when  we  have  been  able  to  save  an 
intraperitoneal  segment  of  the  oesoph- 
agus long  enough  to  be  approximated 
without  tension  to  the  duodenal  sur- 
face of  section.  Therefore  the  oesoph- 
agus must  be  resected  as  sparingly  as' 
We  flatten  its  lumen,  best  with  a  straight  Doyen  intestinal 
clamp,  free  the  duodenum  as  well  as  we  can,  grasp  it  with  another  Doyen 
clamp,  and  attempt  to  unite  the  two  cut  surfaces,  which  in  most  cases 
are  very  unequal  {the  duodenum  being  by  far  the  larger).  If  necessary, 
the  lumen  of  the  duodenum  must  be  narrowed  to  the  size  of  that  of  the 
oesophagus,  as  is  done  on  the  stomach  section  in  "Billroth  I."  Then  the 
oesophagus  and  duodenum  are  sutured,  first  on  the  posterior  side,  by 
interrupted  stitches  entering  the  oesophageal  wall  between  the  mucosa 
and  the  muscutaris,  and  coming  out  through  the  peritoneum  about  J  inch 
away  from  the  edge  of  the  wound,  then  passing  in  a  similar  way  through 


SURGERY  OP  THE  ABDOMEN  537 

the  peritoneal  coat  of  the  duodenum,  to  come  out  on  the  cut  surface  of 
the  latter  between  the  muscular  and  mucous  coats.  These  stitches 
approximate  broadly  the  posterior  serous  surfaces.  The  suture  is  made 
with  fine  silk.  The  threads  are  knotted  within  the  lumen  of  the  organs. 
It  is  best,  however,  when  the  ends  of  the  posterior  half  circumference 
have  been  reached,  to  tie  the  last  threads  outside.  To  that  effect  the 
threads  are  passed  in  a  direction  reverse  of  that  described  above;  that  is, 
first  through  the  peritoneal  coat  of  the  oesophagus  from  without  inward, 
and  last  through  the  duodenal  peritoneum  from  within  outward.  These 
two  threads  are  left  long  and  used  as  fixation  loops.  Next  a  posterior 
continuous  or  interrupted  suture  is  made,  including  all  layers;  then  in  the 
same  way  an  anterior,  by  which  the  peritoneum-lined  surfaces  are  well 
turned  inward ;  finally,  a  continuous  anterior  suture.  Once  the  latter  is 
completed,  the  ends  of  the  threads  are  tied  with  the  traction  loops  of  the 
posterior  serous  suture.  In  cases  where  the  oesophageal  and  duodenal 
stumps  could  not  be  brought  together,  Schlatter  completely  closed  the 
duodenum,  and  implanted  the  oesophagus  laterally  into  a  high  situated 
jejunal  loop.  One  may  also  use  the  Y  method  by  cutting  transversely  the 
jejunum  from  8  to  12  inches  below  the  duodeno-jejunal  fold,  uniting  the 
aboral  end  of  the  jejunum  with  the  oesophagus,  and  the  oral  end  with 
the  aboral  below  the  oesophago-jejunal  anastomosis. 

(c)  Operations  on  the  Small  and  the  Large  Intestine 

Jejunostomy. — In  cases  of  inoperable  carcinoma  of  the  stomach,  when 
gastrostomy  and  gastro-enterostomy  are  not  practicable,  jejunostomy  is 
indicated.  Duodenostomy  has  been  proposed  for  such  cases,  but  is  used 
only  extremely  seldom.  Jejunostomy  is  in  most  cases  executed  in  the 
same  way  as  a  Witzel  gastrostomy.  The  best  incision  is  one  through  the 
rectus  muscle,  when  we  do  not  prefer  to  use  for  suturing  the  jejunum  to 
the  abdominal  wall  the  lower  part  of  the  already  existing  median  inci- 
sion through  which  we  have  ascertained  the  inoperability  of  the  new 
growth.  Stitching  the  jejunal  loop  circularly  to  the  abdominal  wall,  as 
described  above  about  gastrostomy,  is  not  practicable,  as  it  would  nar- 
row altogether  too  much  the  lumen  of  the  gut  and  hinder  the  passage  of 
the  contents  of  the  upper  intestinal  tract,  consisting  of  bile,  pancreatic 
juice,  and  mucus,  into  the  lower.  We  select  as  for  an  anterior  antecolic 
gastro-enterostomy  a  high  jejunal  loop,  draw  it  outside,  and  suture  over 
it  longitudinally  in  the  direction  of  peristalsis,  from  above  downward,  a 
thin  rubber  tube,  as  more  exactly  described  and  figured  above  (see  Gas- 
trostomy, Figs.  485  to  488,  on  page  505  and  following).  While  placing  the 
suture,  we  take  care  to  encroach  as  little  as  possible  on  the  lumen  of  the 
gut  and  make  only  one  row  of  sutures  over  the  tube.  The  abdomen  is 
repaired  in  layers,  the  suture  in  the  intestine  being  included  in  the  deep 
fascia-and-peritoneum  suture.  The  tube  is  cared  for  exactly  in  the  same 
way  as  in  gastrostomy. 
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MaydVa  jejunostomy  is  carried  out  as  follows:  Median  incision  be- 
low the  umbilicus.  The  first  jejunal  loop  is  sought  and  found,  and 
divided  completely  8  inches  below  the  duodeno-jejunal  fold,  and  the 
central  (oral)  end  is  implanted  laterally  into  the  peripheral  (aboral) 
from  8  to  12  inches  below  the  place  of  transverse  division.  The  free 
peripheral  end  is  sutured  in  a  small  cutaneous  incision  about  1  ihch  from 
the  median  line  in  the  following  way:  After  being  freed  for  a  length  of 
about  1  inch  from  its  mesentery,  it  is  led  to  the  skin  incision  through  the 
posterior  layer  of  the  aponeurotic  sheath  of  the  rectus  muscle,  the  latter 
muscle  itself,  and  the  anterior  layer  of  its  sheath.  It  is  then  sutured  to 
the  skin  by  four  silk  or  catgut  stitches,  one  above,  one  below,  one  to 
the  right,  and  one  to  the  left.  The  stitches  are  passed  from  the  skin  into 
the  gut,  so  as  not  to  have  to  draw  a  thread  soiled  by  contact  with  the  in- 
testinal mucosa  through  the  stitch  canal  going  through  the  whole  thick- 
ness of  the  abdominal  wall.  The  median  laparotomy  incision  is  com- 
pletely closed  and  covered  with  gauze  and  peptonized  paste  to  avoid  the 
development  of  a  skin  infection. 

Operations  for  Stenosis  and  Occlusion  of  the  Intestines 

In  stricture  and  obstruction  of  the  intestines  we  are  confronted  by  a 
twofold  task:  first,  to  provide  an  exit  for  the  intestinal  contents;  second, 
to  do  away  with  the  obstacle.  The  simplest  task  in  a  great  majority  of 
cases  is  venting  out  the  intestinal  contents.  Somewhat  more  difficult  is 
already  the  derivation  of  the  feces  from  one  side  of  the  obstacle  to  the 
other;  but  hardest  of  all  is  the  radical  cure  of  the  obstruction.  Simple 
evacuation  of  the  intestinal  contents  is  rather  a  symptomatic  and  pallia- 
tive measure,  which  we  use  in  weakened  patients  who  would  not  be  able 
to  stand  a  major  operation,  or  when  we  cannot  find  the  obstructive  agent 
at  once,  or,  finally,  after  an  intestinal  resection,  to  afford  the  line  of  su- 
ture a  temporary  protection. 

Tapping  of  the  Intestines. — In  those  cases  in  which  the  gut  is  thor- 
oughly choked  with  feces  and  gas,  and  peristalsis  is  inhibited  as  a  result 
of  peritoneal  inflammation  or  overdistention,  it  may  be  convenient  and 
effective  to  open  the  lumen  of  the  intestinal  canal  in  several  places,  to  let 
the  contents  run  out,  and  thus  to  free  the  bowel  from  its  generally  very 
virulent  load,  and  give  it  a  chance  to  regain  its  tonus.  Opening  the  gut 
in  but  one  place  (i.e.,  the  establishment  of  an  intestinal  fistula  or  of  an 
artificial  anus,  see  below)  when  peristalsis  has  stopped,  leads  only  to  the 
emptying  of  those  intestinal  loops  situated  nearest  to  the  opening,  and 
even  this  remains  incomplete.  For  tapping,  a  distended  loop  is  drawn 
out  through  a  laparotomy  wound  made  as  small  as  possible,  covered  very 
carefully  in  all  directions,  and  as  represented  in  Fig.  477  on  page  494,  we 
then  hem  a  purse-string  suture  around  an  area  about  h  inch  in  diameter 
situated  on  the  convexity  of  the  small  intestine,  or  in  the  large  intestine, 
in  the  region  of  one  of  the  longitudinal  bands.    The  purse-string  suture 
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is  provisorily  tied.  Within  the  circle  thus  limited,  we  thrust  a  trocar 
connected  with  a  thick  tube  (see  Pigs.  399,  400,  and  401,  on  page  393) , 
and  have  an  assistant  draw  at  once  firmly  the  ends  of  the  purse-string 
suture  together,  but  not  tie  them  permanently.  Then  we  let  the  gener- 
ally rather  fluid  intestinal  contents  escape.  We  squeeze  toward  the  tro- 
car the  contents  of  the  neighboring  loops,  by  pressing  on  these  with  two 
fingers.  Finally,  we  take  the  trocar  out,  while  an  assistant  strongly 
tightens  the  purse-string  suture,  so  that  when  the  trocar  leaves  the 
lumen  of  the  gut,  the  opening  is  forthwith  occluded  without  leakage  of 
fecal  matter,  and  its  edges  are  folded  inward.  This  first  suture  may  be 
buried  in  the  depth  by  a  second  purse-string  suture  or  a  few  transversal 
Lembert  stitches.  The  point  of  puncture  is  cleaned  with  gauze  com- 
presses and  lysol  solution,  the  intestinal  loop  reintegrated  into  the  abdo- 
men, and  the  same  process  renewed  until  all  intestinal  loops  are  un- 
loaded as  much  as  possible  from  their  virulent  contents.  As  local 
anesthesia  is  suflficient  for  the  purpose,  we  ought  not  to  hesitate  empty- 
ing the  bowel  most  thoroughly.  Klapp  uses  to  evacuate  the  intestines  a 
tubular  instrument,  one  end  of  which  is  sutured  in  the  gut,  and  through 
which  a  soft  fenestrated  rubber  tube  is  slipped  into  the  bowel.  The 
contents  are  then  aspirated  with  Potain's  apparatus.  We  continuously 
slip  more  and  more  bowel  over  the  tube  and  aspirate  first  in  one  direc- 
tion, then  in  the  opposite,  as  far  as  we  can  go.  In  most  cases  one  or  two 
punctures  ought  to  be  enough  to  empty  completely  the  gut.  Payer  uses  a 
Bunsen  water  pump  (see  Fig.  414,  page  406)  to  evacuate  liquids  from  the 
intestines  during  and  after  the  operation.  If  we  have  no  trocar  on  hand, 
we  may  simply  draw  out  a  loop  and  open  it  in  a  point  with  a  knife,  after 
placing  the  gut  so  that  its  contents  will  spurt  and  fall  into  a  basin  held 
under  the  loop.  But  with  this  makeshift  procedure  we  cannot  avoid  soil- 
ing the  inmiediately  surrounding  surface.  Here,  again,  it  is  also  advisa- 
ble to  pass  a  purse-string  suture  before  incising  the  intestine. 

Intestinal  gases  can  be  let  out  through  a  fine  Pravaz  tapping  needle, 
inserted  flat  under  the  peritoneum,  then  obliquely  through  the  muscular 
and  mucous  coats,  so  as  to  make  a  fine  and  long  canal,  which  will  spon- 
taneously collapse  and  close  when  the  needle  is  withdrawn. 

Enterotomy.— To  remove  foreign  bodies  from  the  bowel,  we  draw  the 
affected  part  of  the  latter  out,  incise  it  transversely,  and  suture  in  the 
manner  represented  in  Fig.  476  on  page  494  (see  also  below,  Intestinal 
obstruction  due  to  gallstones) . 

Enterostomy  (intestinal  fistula)  serves  to  create  a  temporary  deriva- 
tion of  the  intestinal  contents  outside  of  the  body  in  cases  of  acute,  and 
also  of  chronic,  intestinal  obstruction.  It  ought  to  be  made  in  such  a  way 
that  later  it  closes  spontaneously  or  can  be  closed  easily  surgically  without 
too  radical  and  extensive  operations.  We  establish  intestinal  fistulae  most 
frequently  on  the  lower  portion  of  the  ileum  or  on  the  cecum,  consequently 
to  the  right  of  the  midline.  Oblique  incision  (see  Fig.  430)  1  or  li  inches 
long  inside  of  and  above  the  antero-superior  iliac  spine,  and  strictly  as 
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short  as  possible.  Dull  splitting  of  the  three  abdominal  muscles  in  the 
respective  directions  of  their  fibres.  The  edges  of  the  opening  are 
retracted  with  blunt  hooks  so  as  to  give  a  good  view  of  the  fascia  trans- 
versalis.  Said  fascia  and  the  peritoneum  are  raised  in  a  transversal  fold 
between  two  mouBe-tooth  forceps,  and  therein  a  small  slit  is  made  care- 
fully so  as  to  avoid  the  gut.  which  generally  is  pressed  very  strongly 
against  the  abdominal  wall.  The  edges  of  the  fascial  peritoneal  slit  are 
fastened  outright  in  artery  or  peritoneal  clamps.  A  finger  is  introduced 
into  the  abdominal  cavity  to 
push  back  the  gut,  and  to  al- 
low lengthening  the  incision  in 
both  directions  with  knobbed 
scissors  without  endangering 
the  intestinal  walls.  A  pru- 
dent search  is  made  to  deter- 
mine the  location  of  the 
obstacle  so  as  not  to  place  the 
intestinal  fistula  too  high  above 
it.  For  this  purpose  it  is  best 
to  begin  our  investigations  by 
the  cecum ;  and  if  the  latter  is 
distended,  to  make  the  fistula 
on  it,  in  the  region  of  the 
tenia  libera;  otherwise,  if  the 
cecum  is  collapsed,  we  grasp 
a  neighboring  distended  in- 
testinal loop  and  draw  it  out 
The  selected  loop  is  first 
stitched  in  the  peritoneal  in- 
cision, which  stitching  is  easy 
if  we  lift  well  the  peritoneum 
together  with  the  fascia  trans- 
versalis  in  a  sort  of  funnel 
by  means  of  the  artery  or 
peritoneal  clamps  placed  all 
around  the  incision,  or  if  we 
Fig.  518.  have    previously    fastened    it 

to  the  skin  by  means  of  four 
stitches,  as  shown  in  Fig.  518.  The  gut  is  first  sutured  to  the  peritoneal 
infundibulum  laterally  and  in  the  angles  of  the  wound  (four  sutures  in 
all)  on  an  area  about  1}  inches  long  and  1  inch  or  a  little  more  wide.  A 
continuous  suture  is  then  carried  all  around  to  complete  the  closure  be- 
tween the  extruded  segment  of  bowel  and  the  peritoneal  cavity.  It 
always  takes  in  the  parietal  peritoneum  and  the  visceral  with  some  of 
the  muscular  coat  of  the  gut.  In  most  cases  the  loop  of  bowel  thus  made 
extraperitoneal  is  immediately  incised.    If  we  do  not  want  to  incise  at 
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once,  if  we  have  time  to  wait  for  the  fusion  of  the  peritoneal  layers  and 
for  the  covering  of  the  external  wound  with  granulations  which  provide 
a  good  protection  against  infection,  we  mark  out  by  two  silk  threads 
passed  superficially  through  the  gut  the  ends  of  the  future  incision  in  the 
intestinal  walls,  because  after  the  sprouting  of  granulations,  the  different 
strata  are  very  difficult  to  distinguish  from  one  another.  But  in  most 
cases,  as  has  already  been  said,  we  open  the  bowel  at  once,  and  therefore 
have  to  protect  the  wound  as  well  as  we  possibly  can  against  soiling  by 
the  infectious  intestinal  contents.  To  this  effect  we  pack  the  wound  al? 
around  with  iodoform  gauze  and  smear  the  surrounding  skin  with  a  thick 
layer  of  a  fatty  salve  (boric  acid  ointment  made  with  lard,  which  prevents 
contact  between  the  fecal  matter  and  the  skin  better  than  the  ordinary 
excipients,  lanolin,  vaselin,  or 
paraffin,  and  consequently  pro- 
tects more  efficiently  against 

the  development  of  eczema).  ^"^^  'Groove  for  the  intestine 
It  is  still  preferable  to  enclose  \/^  7%.  ^ 
within  a  purse-string  suture  an 
area  about  f  inch  in  diameter, 
then  to  make  a  small  incision 
and  introducie  through  the  lat- 
ter a  Patd'Mixter  tube  (Fig. 
519)  connected  with  a  rubber 
tube,  while  an  assistant  holds 
the  purse-string  taut  and  thus  Fig.  619. 

checks  the  escape  of  intestinal 

contents  into  the  wound.  The  purse-string  suture  is  firmly  tied  in  the 
groove  provided  for  that  purpose,  the  remainder  of  the  wound  is  packed 
with  iodoform  gauze,  the  tube  is  brought  out  through  the  dressing,  and 
empties  into  a  basin  half  filled  with  an  antiseptic  solution.  If  the  flow 
is  not  sufficient,  we  can  aspirate  with  Potain^s  instrument  or  flush  the 
bowel  with  sterile  saline  solution,  and  thus  soften  and  loosen  impacted 
fecal  masses.  The  Mixter  tube  may  also  be  introduced  before  the  peri- 
toneal cavity  has  been  shut  off  from  the  wound  by  suture.  We  carefully 
squeeze  out  the  contents  of  the  intestinal  loop  by  digital  pressure,  place 
the  purse-string  suture,  adjust  the  tube,  and  then  only  stitch  the  intes- 
tinal loop  in  the  peritoneal  incision;  but  an  essential  prerequisite  is  that 
the  loop  can  be  delivered  through  the  wound.  A  Mixter  tube  holds  in 
place  in  the  gut  at  least  five  or  six  days  and  protects  the  external  wound 
against  soiling.  After  this  period  we  may  remove  it,  as  generally  the 
threads  have  cut  through.  But  it  is  better  to  put  it  again  in  place,  as  an 
intestinal  fistula  of  this  t3rpe  contracts  oftentimes  surprisingly  rapidly, 
closes,  and  thus  ceases  too  soon  to  fill  its  purpose.  Most  of  those  intes- 
tinal fistulae  close  spontaneously  when  the  incised  intestinal  wall  has  not 
been  stitched  to  the  skin,  a  procedure  advocated,  however,  by  many 
authors.    In  order  to  feel  still  safer  about  the  closure  of  those  temporary 
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fistulae,  a  few  surgeons  follow  WitzeVs  method  (see  above  about  Jejunos- 
tomy ) .  But  as  this  technique  only  allows  the  introduction  of  relatively 
small  tubes  which  become  easily  clogged,  I  do  not  advise  this  Witzd 
oblique  fistula  as  a  regular  routine  procedure. 

It  goes  without  saying  that  with  such  a  lateral  opening  of  the  gut 
some  of  the  contents  always  passes  from  the  afferent  into  the  efferent 
loop,  so  that  the  parts  of  bowel  aboral  to  the  enterostomy  are  not  com- 
pletely at  rest,  which,  however,  is  a  condition  most  desirable  to  obtain  in 
ulcerative  processes  and  after  an  intestinal  resection.  This  absolute  rest 
is  obtained  only  by  the  so-called  artificial  anu8,  which  technically  is  a 
little  more  difficult  to  establish  than  a  simple  fistula,  but  may  neverthe- 
less be  made  as  well  as  the  latter  under  local  (infiltration  by  Schleich^a 
method)  or  lumbar  anesthesia.  An  artificial  anus  serves  therefore  for 
a  permanent  and  complete  outside  evacuation  of  the  intestinal  contents, 
which  does  not  necessarily  mean  that  it  must  fulfil  that  function  for  the 
lifetime  of  the  patient.  On  the  contrary,  we  must  rather  frame  our 
plans  so  as  to  make  the  artificial  anus  as  easy  to  close  subsequently  as 
possible.  The  artificial  anus  is  most  often  established  on  the  left  side  on 
the  sigmoid  fiexure,  consequently  on  the  large  intestine.  In  ulcerative 
lesions  which  seem  to  call  for  outside  derivation  of  the  fecal  current  on 
the  oral  side  of  the  diseased  area,  we  advise  making  the  ^trtificial  anus 
on  the  ileum  and  on  the  right  side.  Bear  in  mind  that  the  higher  the 
artificial  anus,  the  longer  the  segment  of  intestine  withdrawn  from  work 
for  the  elaboration  of  food,  and  that,  in  some  cases,  if  the  anus  be  made 
too  high,  the  patient  may  starve  to  death.  But  as  the  technique  of  such 
an  artificial  anus  on  the  small  intestine  does  not  materially  differ  from 
that  of  one  on  the  large  intestine,  it  needs  no  separate  description. 

The  peritoneum  is  opened  on  the  left  side  in  the  above-described  way 
by  an  oblique  incision,  medially  of  and  above  the  antero-superior  iliac 
spine.  By  means  of  peritoneal  clamps,  the  edges  of  the  incision  are 
raised  so  that  the  peritoneum  forms  a  sort  of  funnel.  The  sigmoid  flex- 
ure is  also  drawn  outside  so  as  to  allow  free  inspection  of  its  meso.  At 
the  expense  of  the  latter,  we  must  now  build  a  diaphragm  between  the 
afferent  and  the  efferent  end.  This  can  be  done  in  a  very  simple  way  by 
tearing  a  hole  in  the  mesosigmoid,  passing  through  it  a  thick  compress 
of  iodoform  gauze,  which  is  laid  on  both  sides  over  the  abdominal  wall, 
so  that  the  intestinal  loop  is  astride  on  it.  We  may  also  make  a  some- 
what larger  hole  in  the  mesosigmoid,  and  through  it  suture  by  a  few 
stitches  a  bridge  of  abdominal  wall  between  the  two  legs  of  the  sigmoid 
loop.  Others  advise  deviating  the  middle  of  the  skin  incision  toward  one 
side  so  as  to  form  a  U-shaped  digitation,  and  drawing  the  resulting  rec- 
tangular flap  through  the  slit  in  the  sigmoid  meso,  to  stitch  it  again  to 
the  edges  of  the  corresponding  notch  on  the  other  side.  As  a  rule,  we 
have  made  the  spur  between  the  afferent  and  efferent  loops  in  the  follow- 
ing way:  First,  both  legs  of  the  loop  are  drawn  outside  for  a  length  of 
from  3  to  4  inches,  and  their  lateral  surfaces,  about  midway  between  the 
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insertion  of  the  mesocolon  and  the  convexity,  are  united  together  by  a 
number  of  interrupted  Lembert  stitches.  Both  legs  of  the  loop  are  then 
laid  parallel  like  the  barrels  of  a  shotgun,  hence  the  name  given  by  some 
to  this  operation.  Next  a  strong  silk  thread  is  jjassed,  as  represented  in 
Fig.  520,  through  the  akin,  the  muscles  (or  aponeurosis),  thetransversalis 
fascia,  the  peritoneum,  and  the  sigmoid  meso,  the  latter  being  pushed 
forward  by  the  left  forefinger,  on  which  the  needle  is  guided.  The  same 
is  repeated  on  the  other  side,  during  which  step  we  can  carry  the  needle 
around  the  first  placed  loop,  so  as  to  intertwine  the  threads.  When  both 
threads  have  been  tied,  the  edges  of  the  abdominal  wound  between  the 
loops  are  almost  in  contact  Fig.  521  shows  on  a  cross-section  the  then 
existing  anatomical  relations,  except  that  the  intertwining  of  the  ends  of 


Fig.  620. 


the  threads  is  not  indicated.  Then  both  legs  of  the  fiexure  loop  are  pushed 
back  into  the  abdomen  until  there  only  remains  outside  a  segment  about 
as  large  as  that  indicated  in  Fig.  620.  In  each  angle  of  the  wound  a 
stout  silk  thread  is  passed  through  the  skin,  muscles,  fascia,  and  peri- 
toneum, then  through  the  serous  and  muscular  coats  of  the  bowel,  finally 
through  all  the  layers  of  the  abdominal  wound  on  the  other  side.  When 
we  want  to  open  the  sigmoid  at  once,  we  must,  besides,  stitch  with  fine 
silk  the  fascia  transversalis  and  the  peritoneum  to  the  serous  lining  of  the 
bowel  or  to  the  mesocolon,  so  as  to  shut  off  the  latter  from  communica- 
tion with  the  abdominal  cavity.  In  the  two-step  operation,  we  wait 
twenty-four  or  forty -eight  hours  until  sufficient  adhesions  have  developed 
to  insure  a  safe  exclusion  of  the  peritoneal  cavity.  But  we  may  also 
operate  in  one  sitting,  especially  if  we  use  in  the  way  already  explained 
Mixter  tubes,  of  which  two  are  necessary,  one  for  the  upper  segment, 
one  for  the  lower;  or,  after  smearing  freely  the  wound  and  surrounding 
skin  with  a  thick  layer  of  salve,  we  may  bum  out  with  the  thermo-cau- 
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tery  an  oval  area  comprising  more  than  half  the  circumference  of  the 
bowel.  A  suture  of  the  mucosa  to  the  outer  skin  is  not  indispensable. 
If,  however,  we  want  to  do  it,  we  must  always  pass  the  needle  from  the 
skin  toward  the  lumen  of  the  gut,  so  as  to  keep  the  stitch  canal  as  clean 
as  possible. 

If  in  a  few  patients  having  an  artificial  anus  it  becomes  possible,  in 
the  course  of  time  and  with  a  proper  diet,  to  give  the  feces  a  consistency 
such  that  evacuation  takes  place  only  once  or  twice  a  day,  we  cannot 
reasonably  hope  for  such  a  result  in  all  cases,  and  we  must  make  the 
patient  wear  a  suitable  appliance.  Of  late  I  have  been  using  in  most 
cases  a  well-fitting  abdominal  binder  carrying  a  pelote  affording  the 
artificial  anus  ample  space  and  surrounded  by  a  rubber  ring  moderately 
inflated  with  air.  From  this  rubber  cushion  hangs  a  flat  rubber  bag  into 
which  the  feces  flow,  and  from  which  they  can  be  emptied  through  a 
tube  adapted  at  the  most  dependent  point  Beneath  the  cushion  we  lay 
still  a  gauze  compress  spread  thick  over  with  salve  and  provided  with  a 
hole  corresponding  in  size  to  the  artificial  anus.  Pads  which  press 
directly  on  the  gut  often  cause  pain,  and  are  frequently  badly  borne, 
while  the  above-described  appliance  may  be  worn  for  years  without 
inconvenience  or  discomfort.  (About  the  methods  used  to  close  an  arti- 
ficial anus  or  an  intestinal  fistula,  see  farther  down  at  the  end  of  the 
chapter  on  Intestinal  resection. ) 

Intestinal  Exclusion. — In  cases  where  it  proves  impossible  to  close 
operatively  an  artificial  anus  or  an  intestinal  fistula  which  is  very  bur- 
densome to  the  patient,  and  can  make  life  unbearable  on  account  of  the 
soiling  of  the  abdominal  wall  by  feces;  also  in  ulcerative  lesions  (actino- 
mycosis, tuberculosis,  syphilis)  and  in  inoperable  malignant  newgrowths 
of  the  small  and  large  intestine,  or  in  operable  tumors,  as  a  preliminary 
step  to  a  truly  radical  operation  in  very  weakened  individuals,  if  there 
is  a  healthy  lower  and  a  healthy  upper  segment  of  bowel,  the  operation 
called  intestinal  exclusion  may  find  a  field  of  usefulness.  Simple  entero- 
anastomosis,  that  is,  reunion  of  a  healthy  intestinal  segment  above  the 
lesion  with  another  healthy  segment  below,  may  well  overcome  fecal 
stasis,  but  it  has  the  disadvantage  of  not  diverting  completely  the  feces 
from  the  diseased  segment.  The  latter  derivation  is,  on  the  contrary, 
attained  by  partial  or  total  exclusion. 

In  partial  (unilateral)  exclusion  (see  Fig.  522)  the  bowel  is  severed 
across  above  the  obstacle,  the  efferent  end  is  closed,  the  afferent  either 
implanted  laterally  into  a  segment  of  bowel  situated  below  the  diseased 
point,  or  completely  closed  at  the  other  end  and  anastomosed  side-to-side 
with  another  loop  (for  the  technique,  see  below).  Evacuation  of  the 
intestinal  segment  between  the  blind  cul-de-sac  of  the  aboral  end  and  the 
anastomosis  is  then  effected  by  natural  peristalsis.  But  some  of  the 
intestinal  contents  can  always  leak  back  into  the  diseased  segment.  This 
reflux  can  be  prevented  only  by  complete  (bilateral)  exclusion  (Fig.  523). 
In  the  latter  the  bowel  is  divided  transversely  above  and  below  the  dis- 
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eased  place,  and  both  ends  are  completely  closed  or  treated  by  one  of  the 
methods  we  are  going  to  explain  now. 

Reunion  of  the  healthy  afferent  with  the  healthy  efferent  segment  of 
the  intestine  may  be  reached  by  lateral  (side-to-side)  anastomosis,  im- 
plantation (end-to-side)  or  transversal  (end-to-end)  suture  of  the  ends 
left  open.  Complete  and  hermetical  closure  of  the  diseased  part  of  the 
bowel  (as  represented  in  Fig.  523)  is  not  physiologically  permissible.  If, 
previously,  Uiere  was  not  on  this  segment  an  intestinal  fistula  or  an  arti- 
ficial anus,  we  must  either  make  one,  or  stitch  one  or  both  ends  to  the 
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abdominal  wall  to  let  the  secretion  accumulating  in  said  segment  escape 
outside. 

V.  Eiadaberg  discriminates  between  a  variety  of  different  methods 
of  intestinal  exclusion  applicable  in  such  cases,  and  of  which  we 
shall  not  give  detailed  graphic  pictures,  but  which  we  shall  briefly  men- 
tion. 

What  he  calls  first  method  is  exclusion  with  suture  of  both  ends  to 
the  abdominal  wall.  2.  Exclusion  with  but  a  proximal  fistulous  opening. 
3.  Exclusion  with  but  a  distal  fistula.  4.  Exclusion  using  a  previously 
existing  fistula,  of  which  type  there  are  two  varieties,  according  to 
whether  we  close  both  ends  of  the  excluded  segment  or  suture  them  cir- 
cularly to  each  other  so  as  to  form  a  ring.  5.  Blind  closure  of  both  ends 
of  the  excluded  intestinal  segment  and  establishment  of  a  new  lateral 
intestinal  fistula.  6.  Finally,  exclusion  of  the  diseased  segment  with 
complete  closure  and  reposition  in  the  abdomen.  This  sixth  metiiod  is 
not  physiologically  defendable.  Intestinal  exclusion  need  by  no  means 
remain  permanent.  On  the  contrary,  we  may  very  well  m^e  it  in  en- 
feebled individuals  as  the  first  step  of  a  radical  operation ;  the  second  step 
being  the  removal  in  one  piece  of  the  excluded  segment,  performed  in  a 
second  sitting  some  time  later.  In  such  cases  the  mode  to  select  is 
bilateral  exclusion  with  establishment  of  a  fistula  on  the  excluded  seg- 
ment. 
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Intestinal  Resection 

In  injuries  of  the  intestines  by  crushing  or  cutting  instruments,  or  in 
gunshot  wounds  which  have  destroyed  the  larger  part  of  the  circumfer- 
ence of  any  given  segment,  in  cases  of  impending  gangrene,  in  localized 
ulcerative  processes  implicating  a  certain  length  of  the  gut  and  leading 
to  stricture  or  formation  of  a  sinus,  in  localized  tuberculosis  (for  instance 
of  the  ileocecal  region),  in  intestinal  stenosis,  either  non-malignant  or 
malignant,  we  must  resort  to  resection  of  the  involved  segment,  as  a 
partial  excision  of  the  walls  of  the  intestine  without  removing  the  whole 
circumference  would  not  bring  about  a  radical  cure. 

We  have  to  consider  separately  resection  of  the  small  intestine,  resec- 
tion of  the  large  intestine,  and  resection  of  the  intermediate  segment 
between  the  small  and  large  intestine,  namely,  of  the  passage  from  the 
ileum  into  the  colon. 

According  to  Woljler,  the  danger  of  intestinal  resection  is  in  inverse 
proportion  with  the  length  of  the  mesentery  or  mesocolon  of  the  segment 
to  be  operated  on.  This  is  due  to  the  fact  that  intestinal  segments 
provided  with  a  long  mesentery  or  mesocolon  are  easily  drawn  outside 
of  the  abdomen,  and  the  work  on  them  is  in  the  main  done  extraperi- 
toneally,  while  in  those  having  only  a  short  mesentery,  e.g.,  the  upper 
part  of  the  jejunum  or  the  lowest  part  of  the  ileum,  the  ascending  colon, 
hepatic  flexure,  splenic  flexure  and  descending  colon,  we  are  compelled 
by  necessity  to  operate  within  the  abdominal  cavity,  with  a  naturally 
proportionally  much  greater  risk  of  contamination  of  the  latter.  More- 
over, the  ascending  and  descending  colons  are  lined  with  peritoneum 
only  on  their  anterior  surface,  while  the  posterior  border  rests  directly 
on  the  retroperitoneal  tissue.  Therefore,  when  effecting  a  blind  closure 
of  an  end  of  the  colon  or  suturing  together  the  lumen  of  two  colonic 
sections,  it  is  impossible  to  place  on  the  posterior  circumference  a  com- 
plete peritoneal  burying  suture;  and  we  already  had  many  an  opportu- 
nity to  lay  stress  on  the  fact  that  such  an  exact  appi*oximation  of  peri- 
toneal surfaces  offers  the  best,  nay,  almost  the  only  guarantee  for  the 
rapid  development  of  adhesions  and  a  safe  closure.  Resection  of  the  small 
intestine  is  of  all  the  least  dangerous,  which  is  clearly  shown  by  the  fact 
that  often  very  numerous  resections  were  successfully  performed  in  the 
same  individual,  and  that  some  surgeons  were  bold  enough  to  resect 
about  80%  of  the  small  intestine,  and  after  doing  this  to  close  outright  the 
abdominal  cavity  without  any  permanent  damage  ensuing  for  the  patient. 
But,  according  to  Axhausen,  this  is  the  limit  above  which  we  cannot  go 
without  serious  impairment  of  the  nutrition.  On  the  other  hand,  the 
danger  of  resection  of  the  large  intestine  depends  less  on  the  length  to  be 
removed*  than  on  its  mode  of  attachment  to  the  abdominal  walls.  Par- 
ticularly when  working  on  the  large  intestine,  surgeons  have  a  very 
justiflable  tendency  to  excise  flxed  parts,  viz.,  the  ascending  and  de- 
scending colon,  more  liberally  than  would  be  strictly  necessary,  with  the 
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sole  aim  in  view  of  making  the  suture  fall  on  more  mobile  segments, 
namely,  the  transverse  colon  or  sigmoid  flexure. 

Retection  of  the  Small  Intestine. — The  abdominal  cavity  is  opened, 
the  edges  of  the  peritoneal  incision  fastened  with  clamps,  and  the  dis- 
eased part  of  gut  brought  out,  care  being  taken  not  to  expose  to  the  air 
more  of  the  bowel  than  is  absolutely  necessary.  The  abdominal  cavity  is 
carefully  walled  off  by  means  of  abdominal  towels  and  the  drawn  out 
segment  of  intestine  laid  also  on  compresses.  The  flrst  step  of  the  resec- 
tion of  a  segment  of  small  intestine  is  desinserting  the  mesentery  from 
the  gut  This  is  always  done  directly  at  the  line  of  insertion  of  the 
mesentery  into  the  bowel,  and  farther  up,  away  from  the  intestinal  bor- 
der, only  in  those  cases  where  the  mesentery  itself  is  threatened  with 
necrosis.    If  we  tie  far  from  the  mesenteric  insertion,  we  run  the  risk  of 
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taking  in  our  ligature  some  large  branch  of  the  jejunal  or  ileal  arteries, 
and  of  thus  cutting  off  unintentionally  a  long  segment  of  intestine  from 
its  blood-siipply,  or  at  least  of  making  the  latter  deficient  The  small 
intestine  is  grasped  with  the  left  hand  and  the  insertion  of  the  mesentery 
slightly  pushed  forward  by  one  or  two  fingers.  An  avascular  spot  is 
selected  and  a  closed  dissection  forceps  passed  through  the  mesentery  and 
made  to  come  out  at  a  certain  distance  from  the  point  of  entrance  (Fig. 
524).  An  assistant  inserts  between  the  branches  of  the  forceps  spread 
apart  a  long  catgut  thread  folded  double  (for  ligation  of  the  mesentery 
we  always  use  catgut)  which  is  drawn  back  through  the  holes  in  such  a 
way  that  the  thread  nearer  the  insertion  of  the  mesentery  and  that 
farther  from  it  remain  parallel,  and  do  not  intertwine  with  each  other 
(Fig.  525).  The  thread  is  then  cut  at  the  folding  point  and  each  half 
firmly  tied  independently  of  the  other,  the  interval  between  the  two 
being  somewhat  less  than  i  inch  (Pig.  526).  The  ends  of  the  thread  are 
left  long,  the  part  of  mesentery  included  between  the  two  ligatures  is  put 
upon  the  stretch  and  cut  with  knobbed  scissors.     Particular  attention  is 
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paid  to  firmly  tTingr  the  knot  and  insuring  hemostasis  on  the  central 
stump.  The  thread  is  cut  short  only  when  these  facts  have  been  verified. 
The  mesentery  is  thus  ligated  until  we  reach  a  part  of  the  bowel  whose 
nutrition  is  known  to  a  certainty  to  be  satisfactoiy.     Gut  stripped  of  its 


Fig.  525. 

mesentery  must  never  be  replaced  in  the  abdomen.  As,  on  account  of 
natural  conditions,  the  blood-supply  on  that  side  of  the  bowel  which  lies 
opposite  the  mesenteric  insertion  is  comparatively  the  most  defective,  it 
is  advisable  to  cut  the  intestine  diagonally,  so  that  more  is  resected  on 
that  side  than  on  the  mesenteric  border.  Then  only,  if  we  do  not  have 
to  deal  with  a  case  of  wound  of  the  intestines,  we  squeeze  out  by  press- 


ure with  the  lingers  the  contents  of  the  afferent  and  efferent  loops,  and 
place  at  a  distance  of  about  4  inches  from  the  site  of  resection  two  elas- 
tic-blade intestinal  clamps,  and  tighten  them  just  enough  to  prevent  them 
from  slipping  and  securely  to  occlude  at  the  same  time  the  lumen  of  the 
bowel.    After  this  is  done,  with  a  Kocher  intestinal  crusher  (Fig.  504), 
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we  crush  slightly  obliquely  the  gut  on  both  sides  of  the  diseased  seg- 
ment, about  i  inch  beyond  the  last  knot  in  the  mesentery.  Close  by,  we 
place  another  crushing  forceps,  and  between  the  two  we  cut  the  bowel 
with  a  sharp  knife,  first  on  one  side,  then  on  the  other.  To  this  effect 
the  assistant  draws  upward  the  crushers  placed  on  the  sound  intestine. 
Whatever  remains  of  the  intestinal  wall  is  excised  with  scissors  and 
escharified  with  the  red  hot  Paqtielin  tip. 

Reunion  of  the  Small  Inteatine.— The  simplest  method  of  reunion  is 
transversal  suture  of  one  end  of  the  bowel  to  ths  other,  that  is,  so-called 
end-to-end  enterorrhaphy.  Of  late  it  has  met  with  new  favor  after 
having  been  discarded  for  a  time  by  numerous  surgeons  in  favor  of 
lateral  entero-anastomosis 
after  blind  closure  of  both 
intestinal  ends  (so-called 
side-to-side  reunion).  Lat- 
eral implantation  of  the 
upper  intestinal  segment 
into  the  lower  after  blind 
closure  of  the  latter,  i.e., 
end-to-side  anastomosis,  is 
advocated  (chiefly  after 
ileocecal  resection)  by 
Kocher  (as  is  also  implan- 
tation of  the  duodenum 
into  the  stomach  after  re- 
section of  the  pylorus)  and 
frequently  resorted  to.  For 
the  large  intesti  ne,  the 
technique  most  frequently 
employed  is  side-to-side 
anastomosis  after  blind 
closure  of  both  ends.  The  most  perilous  point  in  all  intestinal  re- 
sections is  the  region  of  the  mesenteric  insertion.  Mikulicz  advocates 
the  process  represented  diagrammatically  in  Fig.  527.  With  a  strongly 
cun'ed  needle  a  suture  is  passed  between  the  two  peritoneal  layers  of 
the  mesentery  in  the  following  way:  Begin  (Suture  o)  in  the  angle 
between  the  posterior  peritoneal  layer  and  the  muscular  coat  of  the  intes- 
tine, pick  up  a  little  of  said  muscular  coat  (Fig.  527,  to  the  right),  and 
repeat  the  same  on  the  other  side.  This  stitch  is  therefore  intramesen- 
teric.  A  suture  analogous  to  a  Lembert  stitch  (b  on  Fig.  527)  closes  the 
gap  in  the  mesentery  near  the  insertion  of  the  latter.  Those  sutures  are 
made  with  intestinal  needles  and  tine  silk.  The  first  is  placed  on  the 
posterior  surface,  the  next  on  the  anterior,  and  a  series  of  similar  stitches 
taking  superficial  bites  of  the  peritoneum  and  carefully  avoiding  the 
bloodvessels  close  the  posterior  surface  of  the  slit  in  the  mesentery. 
Then  comes  the  posterior  sero-serous  suture,  which  is  easiest  to  make  if 
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one  leaves  the  intestinal  crushers  in  place,  and  uses  them  to  bring:  the 
ends  of  the  gat  together;  but  when  we  proceed  thus,  Mikulicz'  technique 
for  the  repair  of  the  angle  of  the  mesenteric  insertion  is  not  applicable, 
or  can  be  used  only  after  the  posterior  sero-serous  suture  is  made.  The 
crushers  are  rotated  90°  outward  around  their  axis,  the  posterior  serous 
surfaces  are  brought  directly  before  the  surgeon,  and  easily  united  by 
a  continuous  or  interrupted  Lembert  suture  (Fig.  528,  /).  The  Lembert 
suture  uniting  the  mesenteric  edges,  and  the  last  posterior  stitch  are  left 
long:  and  used  to  lift  up  and  put  the  intestine  upon  the  stretch.  Then 
the  crushers  are  removed  from  both  sides,  and  both  lumina  are  opened 
after  a  gauze  longuette  has  been  drawn  through  the  mesenteric  slit.  All 
escaping  intestinal  matter  is  forthwith  wiped  away.  First,  interrupted 
silk  suture  tied  toward  the  inner  side  of  the  gut,  taJting  the  mucosa  very 
near  the  cut  edge  and  the  muscular  and  serous  coats  (Fig.  528,  //) ;  then.- 
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Fig.  528. 


anterior  sero-musculo-mucous  interrupted  suture,  during  which  due  atten- 
tion is  paid  to  well  infolding  the  peritoneal  edges  (Fig.  528,  ///),  and 
last,  over  this  line  of  suture,  anterior  continuous  or  interrupted  sero-seroua 
suture  (Fig.  528,  IV).  Kocher's  assertion  that  a  continuous  suture  oifers 
a  safer  guarantee  for  the  imperviousness  of  the  line  of  suture  is  dis- 
proved by  the  experience  of  many  practitioners.  Especially  when  one 
observes  the  rules  given  above  on  page  491  for  intestinal  suture,  and 
always  places  the  stitches  of  any  suture,  deep  or  superficial,  exactly  in 
the  middle  of  the  interval  between  two  threads  of  the  preceding  row,  and 
finally  stitches  the  anterior  and  posterior  aspects  of  the  mesentery  follow- 
ing Mikulicz'  technique,  spreading  of  an  interrupted  suture  and  leakage 
between  the  threads  need  not  be  thought  of.  Never  omit  closing  the 
mesenteric  slit,  as  otherwise  it  would  produce  an  internal  hernial  orifice 
in  which  strangulation  might  take  place.  The  peritoneal  edges  of  the 
slit  may  be  united  by  a  single  row  of  interrupted  stitches,  or  a  continuous 
suture,  or,  especially  in  case  of  very  fat  mesentery,  by  a  Lembert  suture 
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first  on  the  posterior  surface  and  then  on  the  anterior,  fine  silk  being 
always  used  as  suture  material.  Finally,  the  bowel  is  still  cautiously 
cleaned  mechanically  with  a  moist  gauze  compress.  Mild,  non-irritating 
antiseptics  (lysol,  lusoform)  may  also  be  used  for  this  purpose. 

After  resections  of  the  small  intestine  we  generally  close  completely 
the  abdominal  cavity.     If 

we  want  to  pack  it  and  ^^        ^,  Cross-uctLon 

leave  it  open,  we  must 
not  lay  the  packing  in 
direct  contact  with  the 
line  of  sutures,  as  it  un- 
doubtedly impairs  the 
nutrition  of  the  bowel  and 
prevents  quick  adhesions. 
End-to-end  suture  may 
prove  difficult  if  there  is 
a  great  difference  in  the 
diameter  of  the  two  in- 
testinal cross-sections.  In 
cases  of  chronic  stenosis, 
the  afferent  end  is  ordi-  Fio-  629. 

narily  notably  wider  and 

thicker  than  the  efferent.  It  is  evident  that  a  cross-section  of  the  gut 
through  a-b  (Fig.  529)  cannot  be  sutured  to  one  made  through  e-f,  with- 
out being  first  widened,  and  that  a  section  through  e-d,  and  made  more 
or  less  obliquely  according  to  the  actual  difference  in  the  calibres  of  both 
ends  can  give  surfaces  that  will  fit 
with  each  other.  Therefore  in  such 
cases  we  resort  to  oblique  section, 
as  shown  in  Fig.  529.  Naturally 
the  point  in  d  is  taken  from  the 
mesenteric  side,  as  there  nutrition 
is  better.  End-to-end  reunion  of  a 
segment  of  small  intestine  with  one 
of  large  intestine,  the  diameters  of 
which  differ  considerably  in  size, 
may  also  be  performed  with  the 
help  of  a  similar  slanting  of  the  line 
of  division  of  the  small  intestine 
(see  Fig.  530).  But,  in  a  general 
way,  for  those  cases  where  there  is 
80  much  difference  between  the  two 
diameters,  end-to-end  reunion  has  been  abandoned  and  we  prefer  lateral 
anastomosis  after  blind  closure  of  both  ends  of  Hie  gut. 

Numerous  auxiliary  contrivances  have  been  devised  to  ease  and  expe- 
dite as  much  as  possible  the  performance  of  a  safe  closure  of  the  bowel. 
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The  most  frequently  employed  is  without  doubt  the  Murphy  button  (Fig. 
531) .  The  latter  consists  of  two  halves,  the  calibre  of  which  varies  accord- 
ing to  the  width  of  the  bowel,  but  must  never  be  large  enough  to  make  the 
intestinal  walls  markedly  bulge  outside.    Each  half  is  formed  by  a  me- 


FiG.  632.— i  natural 


tallic  capsule  carrying  a  hollow  metallic  cylinder.  The  cylinder  of  the 
half  b  (male  piece)  fits  exactly  into  that  of  the  half  a  (female  piece),  and 
is  provided  with  two  or  three  lateral  fenestrations,  through  which  a  few 
small  elastic  hooks  spring  outward,  and  catch  in  the  thread  of  a  screw 
cut  in  the  inner  surface  of  the  half  a.    The  half  b  is  stilt  provided  (see 


also  Fig.  536)  on  the  inside  between  the  cylinder  and  the  capsule  with  a 
ringlike  spring,  which  is  intended  to  exert  a  permanent  elastic  pressure 
on  the  part  of  intestinal  walls  included  between  the  two  halves  of  the 
button. 

In  Windler's  modification  of  the  Murphy  button  (Fig.  531),  the  cylin- 
der of  the  half  a  does  not  carry  inside  a  spiral  screw  furrow,  but  only  a 
circular  groove,  and  the  button  is  opened  by  means  of  a  cylinder  c. 
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To  introduce  both  halves,  we  may  iise  Matthitdius'  introducer  (Fig. 
532),  or  a  slender  artery  forceps. 

Jaboulay's  modiiication  of  the  Murphy  button,  Frank's  and  Sultan's 
intestinal  buttons,  and  many  other  models  are  only  seldom  used.  With 
lAeblein'a  resorbable  galalith  button  I  have  no  personal  experience.  But 
as  it  is  built  just  about  on  the  same  lines  as  the  Murphy  button,  is  very 
lig^ht  and  undergoes  slow  resorption,  it  may  prove  to  be  a  very  valuable 
modification  of  the  former. 

To  unite  intestinal  ends  with  the  button,  a  purse-string  suture  is 
placed  on  each  end,  as  shown  in  Fig.  533.    It  takes  all  the  intestinal 


Fig.  637.-1  natural  size. 


coats,  but  particularly  the  mucosa  close  to  its  edge,  and  encircles  the 
mesenteric  insertion  in  a  loop  as  drawn  in  the  illustration.  One-half  of 
the  Murphy  button  is  introduced  in  each  end  of  the  intestine,  and  the 
purse-string  suture  tied  firmly  over  the  cylinder.  To  prevent  the  Mur- 
phy  button  from  slipping  away  in  the  lumen  of  the  bowel,  an  assistant 
grasps  the  latter  Just  behind  the  button,  and  holds  it  upward.  (In  Fig. 
534  the  button  mijtes  the  intestinal  wall  bulge  slightly.  In  actual  work 
this  ought  not  to  be  so,  but  it  is  made  on  purpose  in  the  drawing,  so  as 
to  mark  out  better  the  position  of  the  button  inside  the  gut.)  Then  both 
intestinal  ends  are  grasped  directly  behind  the  two  halves  of  the  button. 
The  male  half  is  introduced  into  the  female,  and  both  are  iirmly  pressed 
together  (Fig.  535).     When  this  is  done,  peritoneum  ought  to  be  every- 
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where  exactly  applied  on  peritoneum,  a  burying  suture  ought  not  to  be 
necessary,  as  it  impairs  the  nutrition  of  the  approximated  intestinal  ends. 
If  the  Murphy  hattoa  is  correctly  applied  (Fig.  536)  the  intestinal  surface 
of  section  will  infold  a  little  between  the  capsule  and  the  cylinder.  The 
parts  pinched  between  both  halves  of  the  button  undergo  necrosis  and  be- 
come thinner,  but  the  ring-shaped  spring  holds  them  together  and  pre- 
vents disunion.  If  the  Murphy  button  is  set  in  place  in  the  proper  way, 
the  approximation  of  the  intestinal  ends  is  very  good.  After  the  ring  of 
intestinal  wall  lying  between  the  two  intestinal  segments  has  undergone 
necrosis  and  been  elimi- 
nated, the  button  is  cast  off 
per  vioB  naturaies.  In  most 
^Thread  cases  this  happens  after  one 
or  two  weeks.  Eventually, 
it  stops  in  the  rectum  and 
must  be  manually  dislodged. 
The  galalith  button  resorbs 
I>artially,  and  only  its  inner 
thinner  part  has  to  be  ex- 
pelled per  viae  naturtUea. 
The  advantage  of  the  button 
lies  in  the  rapidity  with 
which,  with  its  help,  we  can 
reunite  the  intestinal  ends. 
A  disadvantage  is  the  ease 
with  which  the  always  small 
lumen  of  the  inner  cylinder 
becomes  clogged.  Another 
is  the  possibility  of  stoppage 
during  its  migration  in  a 
narrow  point  of  the  bowel 
and  of  a  resulting  obstruc- 
tion. Finally,  if  there  are 
any  ulcerative  processes  be- 
low the  anastomosis,  the  passage  of  the  button  irritates  those,  and  if  the 
size  of  the  button  was  not  very  carefully  selected  and  the  button  not 
absolutely  correctly  applied,  the  union  is  not  as  secure  as  with  a  suture. 
We  shall  say  a  little  later  how  the  Murphy  button  may  be  used  for  lateral 
anastomosis  of  the  intestine  and  gastro-enterostomy. 

Many  advocate  also  for  the  small  intestine  blind  closure  of  both  ends 
and  lateral  anastomosis.  An  important  improvement  in  the  technique  of 
blind  closure  of  the  bowel  is  intestinal  crushing,  as  first  employed  by 
Doyen,  Doyen's  ^craseur  (crusher)  presses  the  walls  of  the  gut  together 
with  such  enormous  strength  that  all  the  softer  structures,  namely,  the 
mucosa  and  the  muscularis,  are  shoved  laterally,  and  there  remains  be- 
tween the  blades  of  the  instrument  only  the  connective  tissue  of  the 
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serosa,  subserosa,  and  submucosa,  so  intimately  matted  together  that  vio- 
lence would  be  necessary  to  tear  them  apart.  This  enables  us  to  occlude 
the  lumen  of  the  bowel  and  to  sever  the  latter  without  opening  it.  After 
detaching  the  intestine  from  its  mesentery,  we  place  Doyen's  crusher 
(named  by  him  angiotribe)  (Fig.  537) ,  and  firmly  press  the  blades  together 
by  means  of  the  lever  annexed  to  the  instrument  for  this  purpose.  The 
instrument  is  left  in  situ  for  at  least  a  minute.  Directly  next  to  it  on 
the  segment  to  be  resected,  we  place  a  Kocher  crushing  forceps  (see  Fig. 
538) .  (Numerous  modifications  of  Doyen's  instrument  have  parallel  crush- 
ing branches,  but  those  of  the  original  Doyen  pattern  lie  almost  di- 
rectly parallel  when  completely  pressed  against  one  another,  and  therefore 
crush  practically  in  a  parallel  direction.  None  of  those  instruments 
reaches  anything  like  the  tremendous  power  developed  by  the  Doyen 
model. )  After  the  crusher  is  cautiously  removed,  a  strong,  but  not  too 
thick  silk  thread  is  carried  around 
the  proximal  part  of  the  groove  pro- 
duced by  the  crushing,  and  firmly 
tied.  Next  the  gut  is  divided  with 
scissors  on  the  oral  side  of  the 
crushed  groove.  The  small  stump 
remaining  connected  with  the  end 
of  the  intestine  may  be  buried  in 
the  depth  with  either  a  Lembert  or 
a  purse-string  suture.  The  latter 
is  the  more  practical.  A  purse- 
string  suture  is  passed,  Lembert- 
fashion,  as  represented  in  Fig.  539 
(top),  i  inch  at  least  from  the  li- 
gated  stump,  the  latter  is  pushed 
toward  the  lumen  of  the  bowel 
by  means  of  a  closed  dissection 
forceps,  the  thread  tied,  and  the 
forceps  withdrawn  progressively. 
Thereby  the  stump  is  inverted, 
and  there  results  a  peritoneal  fun- 
nel, which  can  be  itself  buried  in  the  depth  by  a  second  purse-string 
suture  in  case  the  stump  should  not  be  hidden  completely  by  the  first. 
The  bowel  may  in  this  way  be  closed  in  a  few  minutes.  After  blind 
closure  of  both  ends,  the  communication  between  them  may  be  reestab- 
lished laterally  by  a  suture  or  with  the  Murphy  button.  We  prefer  the 
suture  method.  The  intestinal  ends  are  laid  parallel,  in  isoperistaltic 
direction  whenever  possible,  which  is  oftentimes  difiicult,  especially  in 
case  of  intestinal  resection  performed  through  a  narrow  hernial  opening; 
but  we  may  also  make  the  anastomosis  against  peristalsis.  Disturbances 
of  the  intestinal  function  have  not  been  noted  after  union  of  two  intes- 
tinal segments  in  inverse  peristaltic  directions.     It  was  more  often  ob- 
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served  that  ends  thus  j  uxtaposed  back  to  back  as  are  the  barrels  of  a  shot- 
gun soon  assume  another  direction,  and  exi>and  so  that  after  a  short  time 
there  remains  only  an  obtuse  angle  between  the  afferent  and  efferent 
loops  of  the  gut     Enteroanastomosis  is  performed  after  squeezing  by 

digital   pressure     the 
~  ~  j^^^  intestinal    contents 

i  r  ^?^'l^^  away  from  the  segment 

7?vi4^Bn  1^^^  Qj^  which  we  work  and 

placing  intestinal 
clamps  exactly  in  the 
way  described  above 
for  a  Braun  entero- 
anastomosis (Fig.  500, 
on  page  520).  The 
anastomotic  opening 
must  be  at  least  li  to 
2  inches  long.  The 
peritoneal  slit  is  also 
naturally  carefully 
closed,  both  edges  be- 
ing united  with  fine  silk  without  any  bloodvessels  being  included. 

If  using  the  Murphy  button,  we  make  a  longitudinal  incision  as  small 
as  possible,  which  we  close  around  the  cylinder  of  one-half  of  the  button 
by  a  serous  purse-string  suture,  such  as  is  represented  in  Fig.  477.    But 
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we  may  also  push  the  button  in  one  angle  of  the  incision  (Fig.  540),  and 
approximate  the  remainder  of  the  slit  by  sero-muscular  stitches  carefully 
infolding  the  peritoneum-covered  edges.  Fig.  541  shows  the  intestinal 
ends  closed  and  united  by  a  Murphy  button.  If,  while  making  the  purse- 
string  suture  to  close  the  end,  we  turned  in  much  bowel  wall,  we  cannot 


Fio.  &42. 


SURGERY  OP  THE  ABDOMEN  657 

place  the  anastomotic  mouth  too  near  said  inverted  part  of  bowel, ^because 
otherwise  it  might  block  partially  or  entirely  the  lumen  of  the  button 
cylinders.  Fig.  542  shows  the  Murphy  button  in  situ  after  a  lateral  anas- 
tomosis. We  generally  make  this  intestinal  anastomosis  not  on  the  con- 
vexity, but  on  the  lateral  parts, 
so  that  both  parts  of  the  mesen- 
tery may  be  well  approximated. 
Ileocecal  Resection.  —  This 
resection  is  difficult  because  the 
last  part  of  the  ileum  has  only  a 
very  short  mesentery,  and  the 
ascending  colon  with  the  right 
(hepatic)  colic  flexure  is  for 
its  major  part  extraperitoneal. 
Hence  the  universally  accepted 
rule  not  to  remove  too  short  a 
segment  of  the  ileum,  but,  on  the  contrary,  to  go  as  high  as  is  found 
necessary  to  get  a  freely  movable  loop  which  can  be  brought  outside  the 
abdomen.  A  few  writers,  foremost  among  whom  Friedrich,  go  even  as 
far  as  systematically  removing  in  ileocecal  resection  all  of  the  ascending 
colon  and  the  right  colic  flexure  up  to  a  freely  mobile  part  of  the  trans- 
verse colon  (see  Fig.  543).  Resection  is 
,'~,  />^  necessary  in  t~umors  of  the  cecal  region 

and  in  the  by  no  means  infrequent  cases 
of  ileocecal  tuberculosis,  in  which,  how- 
ever, we  may  sometimes  want  to  do 
nothing  more  than  a  partial  or  total 
exclusion,  as  described  above.  Actino- 
mycotic lesions  of  the  bowel  may  also 
occasionally  indicate  ileocecal  resection. 
According  to  Friedrich.,  the  abdomen  is 
opened  through  a  long  incision  along 
Spigel's  line,  beginning  near  the  costal 
arch  and  reaching  downward  to  about 
the  middle  of  the  inguinal  ligament. 
That  segment  of  ileum  extending  8 
to  12  inches  above  Bauhin's  valve  is 
quickly  drawn  outside,  crushed  at  its 
upper  limit  with  two  Kocher  intestinal 
crushers  and  divided.  The  surfaces  of 
section  are  cauterized  and  buried  under  a  purse-string  suture,  as  already 
said  many  a  time.  The  same  treatment  is  applied  to  the  transverse 
(H)Ion,  about  one  hand's  breadth  to  the  right  of  the  midline.  Especially 
when  the  efferent  end  of  the  colon  is  wide,  we  much  prefer  to  close  it  in 
the  manner  that  will  be  described  below  by  crushing  with  an  intestinal 
crushing  forceps  and  burying  the  stump  under  a  double  row  of  sutores. 


Fig.  643. 
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Immediately  after,  we  make  in  isoperistaltic  direction  (see  Fig.  542)  a  li 
or  2  inches  long  side-to-side  anastomosis  between  the  small  and  large 
bowel,  the  opening  of  which  is  placed,  on  the  small  intestine  on  the  convex- 
ity, on  the  transverse  colon  in  the  region  of  a  longitudinal  band,  preferably 
the  lower,  after  the  great  omentum  has  been  folded  upward.  Then  both 
free  ends  of  the  segment  of  intestine  to  be  excised  are  laid  on  the  right 
side  of  the  abdomen  of  the  patient,  the  rest  of  the  intestines  are  pushed 
toward  the  left  with  large  gauze  compresses  and  held  there  by  the  hands 
of  an  assistant  This  brings  into  view  pathologic  changes  in  the  lym- 
phatic glands  of  the  middle  and  lower  mesenteric  territory.  Suspicious 
glands  can  easily  be  removed.  The  ascending  colon  is  again  displaced 
toward  the  median  line,  its  peritoneal  covering  is  bluntly  dilacerated  or 
cautiously  incised  along  its  outer  border,  and  the  colon,  together  with  the 
segment  of  ileum,  the  hepatic  flexure,  and  the  right  third  of  the  trans- 
verse colon  is  quickly  dislocated  outward.  Then  the  line  of  reflexion  of 
the  peritoneum  along  the  inner  border  of  the  bowel  is  also  incised.  The 
heretofore  hidden  lumbar  glands  become  accessible  to  the  eye  and  to  the 
palpating  finger,  and  may  be  removed  if  it  is  found  necessary.  The 
bloodvessels  going  to  the  colon  arise  from  the  ileocolic  artery,  which 
anastomoses  with  the  middle  colic.  They  are  ligated  very  near  the  gut 
The  mesentery  of  the  resected  ileal  segment  is  also  doubly  ligated  close 
to  its  insertion  and  cut,  and  the  whole  intestinal  segment  is  then  free. 
There  exists  now  on  the  posterior  parietal  peritoneum  a  widely  gaping 
interval  resulting  from  the  spreading  apart  of  both  peritoneal  leaves 
forming  the  mesocolon.  To  avoid  subsequent  adhesions,  these  two  leaves 
are  sutured  as  best  we  can,  a  packing  strip  is  applied  over  the  region 
and  brought  out  through  the  lower  angle  of  the  otherwise  completely 
closed  abdominal  wound.  The  packing  is  removed  after  a  few  days. 
The  patients  may  leave  their  bed  after  three  or  four  weeks.  Fried/rich 
advocates  an  analogous  technique  in  carcinoma  of  the  large  intestine; 
that  is,  in  carcinoma  of  the  descending  colon,  he  excises  the  latter  down 
to  the  sigmoid  flexure  and  anastomoses  the  freely  movable  transverse 
colon  with  said  flexure;  or  if  this  is  not  practicable,  he  connects  directly 
the  ileum  with  the  sigmoid  flexure  (ileo-sigmoidostomy).  The  anasto- 
mosis between  the  small  and  the  large  intestine  can  very  well  be  made 
after  lateral  clamping  of  a  segment  of  bowel  as  represented  in  Fig.  500 
for  a  Braun  entero-anastomosis,  thereby  reducing  to  a  minimum  the 
danger  of  escape  of  the  intestinal  contents  and  of  subsequent  peritonitis. 
Most  surgeons  do  not  go  quite  as  far  as  Friedrich  as  regards  ileo- 
cecal resection,  even  if  they  all  agree  to  remove  a  considerable  segment 
of  ileum  about  8  to  12  inches  long.  The  abdomen  is  opened  through  a 
Lennander  incision  (see  above,  page  445).  The  resection  begins,  as  set 
forth  above,  on  the  ileum  which  is  severed  between  two  Kocher  intestinal 
crushers  and  detached  from  its  mesentery,  close  to  the  insertion  of  the 
latter,  as  far  as  the  ileocecal  valve.  The  intestinal  crushers  are  first  left 
in  place,  and  serve  to  hold  the  intestinal  ends.     On  the  colon,  we  divide 
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first  the  meso  on  its  outer  side  till  we  reach  an  undoubtedly  healthy- 
segment  ;  then  we  divide  the  meso  along  its  inner  border  and  ligate  the 
vessels  as  near  the  bowel  as  possible.  To  this  effect  we  pass  ligatures 
around  the  vessels  and  the  imbedding,  and  oftentimes  very  abundant 


Fig.  644. 

fatty  tissue,  by  means  of  a  ligature  carrier  (Roser,  Deaehamp),  and  ligate 
doubly  with  silk  or  catgut.  When  the  colon  is  well  mobilized,  it  is 
grasped  at  the  place  of  the  future  division  between  two  Kocher  intestinal 
crushers.  If  the  colon  should  have  shrunk  to  a  narrow  diameter,  we 
could  also  use  Doyen's  cTuaher, 
and  close  it  just  as  has  been 
said  for  the  small  intestine 
(see  Figs.  538  and  539). 

If  we  use  the  Graser  intes- 
tinal crusher  (Fig.  544),  we 
make  a  quilted  suture  in  the 
groove  intended  for  that  pur- 
pose after  cutting  the  bowel 
close  to  the  clamp's  edge  and 
touching  the  end  with  the 
thermocautery,  as  represented 
in  Fig.  544  on  a  front  view 
and  a  cross-section  (on  the 
right).  (The  suture  is  made 
after  the  intestine  is  divided, 
and  not  as  drawn  in  the  illus- 
tration for  the  sake  of  simplicity.)  The  quilted  suture  serves  to  hold 
the  intestine  after  removal  of  the  crusher.  It  is  most  carefully  buried 
under  another  continuous  or  interrupted  suture,  as  explained  above  about 
Resection  of  the  stomach  (page  528) .  The  surface  of  the  gut  that  has  been 
handled  is  wiped  with  gauze  sponges  moistened  with  salt  or  lysol  solution. 


Fig.  545. 
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Kocker  advocates  reuniting:  the  ileum  with  the  colon  by  tateral.  emJ- 
to-aide  implantation  (Fig.  545).  The  intestinal  contents  are  squeezed  hjr 
digital  pressure  from  the  colon  and  the  ileum,  and  Doym  elastic  blade 
intestinal  cbun];:^  are  laid  at  a  certain  distance  from  the  raids.  Tlte 
enisher  i»  used  to  hold  the  ileum  while  the  posterior  sero-eeroos  satore  is 


made,  sua  ;vmaiib$  is  ^atx  till  Che  lacKr  is  cjmpieceii  '  Tig.  545J . '  First 
wtf  i/iace  a  t-M^a^riiTr  :ntefT'i£}C«c  xmus  snaps,  zhe  inioal  and  t^^mtrnat 
mrwhis.fr  ■•riichare'er^  Iwiif  'm'ov  '.ajxr  •zedmixh  tne  initial  and ttanmwl 
timaiis  ^f£  ziir:  ■mzenue  s*ir>-itir'niii  5uca~.  Xexc  -ve  remore  the  intes- 
xiaax  .-"inning  iarcs^k,  apai  Cfae 
lumen  <]£  tile  ileum  and  tfiaC  of 
rzM  .-uiun  I F^  >£).  and  place  a, 
Qusceriur  :hmvj^  and  ■ 
mui.tj-.TiUijeuio-«erQua  in 
jurorv  atM  inside  the  gat  (Fig; 
j4Z. .  Frnaily  a  similar  antErior 
i«:pi-.-nii!ivuio-mucous  sataro  with 
i  jmad  iniuidiDg  at  die  aecoua 
iurtae-y  F^g.  547),  and  an  an- 
terror  ]ur;':ii)f  serouBSutore  (Fiff. 
34t*.i.  It  nu^ic  be  urgtartiy  ad- 
"::«-i  :u  a.v  \i  rubber  draiii 
v.-Hppeu  n  uuoicnn  gausB  ov^ 
'jin  vi^'vii  war  die  doaureaf  the 
,-jB.'i'.     >ut    lut  iirwcdy  ov«r  the 

:s*.^w    lu^biut;.  .mu  nuc  be  pouzed. 
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into  the  abdominal  cavity.  The  points  denuded  of  peritoneum  between 
the  two  divided  leaflets  of  the  mesocolon  are  as  much  as  possible  cov- 
ered by  suture. 

In  reMeetion  of  the  colon  itself  transversal  end-to-end  reunion  is  fre- 
quently performed.  Lateral  entero-anastomosis  (Fig.  549)  in  the  region 
of  the  tenis,  and  which  requires  no  further  descriptive  elaboration  here 
after  what  has  been  said  before,  presents  the  advantage  of  greater  saiety 
owing  to  the  exact  apposition  of  broad  peritoneal  surfaces  which  are 
lacking  on  a  great  part  of  the  circumference  of  a  cross-section  of  the 
colon.  At  the  same  time  it  obviates  the  disadvant^e  brought  by  the 
difference  in  size  between  the  frequently  markedly  dilated  afferent  end 
and  the  considerably  narrowed  efferent  end.  As  a  rule,  resections  per- 
formed on  the  colon  itself  down  to  the  sigmoid  flexure  have  a  rather  bad 
prognosis,  because  generally  undertaken  during  the  obstruction  stage. 


Suture  thread 


and  consequently  while  at  least  the  afferent  end  harbors  a  great  quantity 
of  very  septic  and  sticky  fecal  matter  adhering  to  the  mucosa.  In  such 
cases,  it  is  generally  better  to  provide  first  an  exit  for  the  intestinal  con- 
tents, and  thus  to  divert  the  latter  from  the  suture  line  of  the  subsequent 
resection  of  the  narrowed  segment.  We  have  here  the  choice  between 
three  rival  procedures:  1.  That  of  Mikulicz,  who  detaches  the  strictured 
part  (the  tumor)  from  its  connections  with  the  mesocolon  or  the  posterior 
abdominal  wall  far  enough  to  allow  it  to  be  drawn  outside  before  the 
abdomen,  to  be  removed  in  a  second  sitting,  when  the  abdominal  cavity 
will  have  been  walled  off  by  adhesions  between  the  visceral  and  parietal 
layers  of  the  peritoneum.  2.  That  of  Hochenegg,  who  first  makes  an 
entero-anastomosis  between  the  afferent  and  efferent  segments  and  an 
exclusion,  the  diseased  part  of  the  gut  being  excised  in  a  second  sitting. 
3.  That  of  Schloffer,  who  advocates  establishing  first  an  artificial  anus, 
then  making  the  resection,  and  finally,  in  a  third,  sitting,  closing  again 
the  artificial  anus. 

Mikulicz'  recAni(|o«-— The  diseased  part  of  the  bowel  (see  Fig.  550) 
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is  isolated  by  double  ligation  of  the  mesocolon  and  division  of  all  connec- 
tions with  the  posterior  abdominal  wall,  far  enough  to  be  brought  outside 
of  the  abdominal  cavity  before  the  abdomen.  Then  the  afferent  and 
efferent  legs  of  the  loop  are  placed  parallel  with  each  other  and  sutured 
in  that  position,  so  that  no  other  intestinal  loop  or  abdominal  organ  may 
become  wedged  between  them,  and  an  iodoform  gauze  compress  is  drawn 
through  the  slit  in  the  mesocolon  to  prevent  the  tumor  from  slipping  back 
into  the  abdomen  {Fig.  550,  Compress  /).  A  second  and  a  third  com- 
press {//and  ///)  are  inserted,  laterally  of  the  afferent  and  efferent  seg- 
ments respectively,  down  to  the  posterior  wall,  and  the  abdominal  incision 


Fig,  550. 


is  narrowed  by  a  number  of  strong  silk  stitches  taking  the  abdominal 
walls  together  with  the  peritoneum.  In  this  way  we  very  securely 
and  promptly  exclude  the  newgrowth  from  the  abdominal  cavity  and,  if 
necessary,  we  can  without  danger  open  the  afferent  segment  of  the  loop, 
either  immediately  or  after  a  few  hours,  or  one  or  two  days,  to  let  the 
feces  escape ;  and,  finally,  a  few  days  later,  when  the  patient  has  rallied 
from  his  critical  condition,  excise  the  whole  of  the  tumor.  An  exact 
suture  of  the  parietal  and  visceral  peritoneal  layers,  as  described  above 
about  artificial  anus,  consumes  often  too  much  time.  Therefore,  especi- 
ally in  cases  requiring  haste,  we  prefer  walling-off  the  abdominal  cavity 
by  packing.  If  there  is  no  marked  stenosis  caused  by  the  tumor,  the 
feces  can  still  pass  from  the  afferent  into  the  efferent  loop.     By  using  a 
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Mixter  tube  (Fig.  519,  page  541),  the  whole  procedure  may  still  be  made 
much  cleaner.  This  method  is  to  be  given  preference  over  Hochenegg's, 
the  principle  of  which  has  been  already  briefly  indicated. 

But  frequently  also  we  resort  to  the  third  of  the  above-mentioned 
methods,  that  of  ScMoffer,  of  Wolfler's  clinic,  especially  when  we  are 
compelled  to  operate  in  case  of  stricture  in  weakened  patients.  In  the 
flrst  sitting,  an  artificial  anus  is  made  far  above  the  intestinal  segment  to 
be  resected  (for  instance,  in  carcinoma  of  the  sigmoid  flexure,  on  the 
transverse  colon,  in  carcinoma  of  the  transverse  colon,  on  the  lowermost 
part  of  the  ileum,  on  the  right  side).  We  then  can  free  from  feces  the 
lower  part  of  the  bowel  by  irrigating  it  through  the  efferent  loop,  and  it 
becomes  possible  in  a  second  sitting,  about  two  weeks  after  the  first,  to 
excise  the  newgrowth  completely  and  cleanly,  and  to  reunite  both  ends 
of  the  colon.  But  we  always  place  a  gauze  strip  and  a  drain,  or  a  thick 
rubber  tube  wrapped  in  iodoform  gauze,  over  the  line  of  suture  on  the 
colon,  to  insure  the  escape  of  fecal  matter  in  case  of  leakage  of  the  suture. 
Small  fecal  fistulse,  consecutive  to  leakage,  close  spontaneously  in  a 
majority  of  cases.  After  healing  of  the  intestinal  suture,  the  artificial 
anus  is  closed  in  a  third  sitting. 

Closure  of  an  Artificial  Anus  or  Intestinal  Fistula. — We  have  here 
in  mind  only  fistulae  and  openings  established  for  a  temporary  derivation 
of  feces.  Intestinal  fistulse  situated  superficially  and  lined  with  mucosa 
do  not  close  spontaneously.  In  such  cases  we  may  occasionally  resort  to 
the  old  Dxeffenbach  method.  DieffenfHich  encloses  .the  edges  of  the  fistula 
within  two  curved  incisions  made  far  enough  from  the  aperture  to  remove 
all  callous  and  altered  tissues,  and  closes  the  intestinal  opening  by  a  few 
stitches,  which,  passed  in  the  same  way  as  a  Lembert  suture,  turn  in  the 
edges  of  the  fistula  in  the  depth  so  that  only  freshened  surfaces  of 
adjacent  tissues  are  brought  into  contact.  Then  a  second  incision  reach- 
ing down  to  the  aponeurosis  is  made  on  each  side  of  the  edges  of  the  loss 
of  substance,  about  IJ  to  2  inches  distant  from  the  latter  and  parallel 
with  them  (see  Fig.  69,  page  63) .  The  whole  flap  of  skin,  subcutaneous 
connective  and  fatty  tissue  and  fascia  is  dissected  from  the  underlying 
structures  and  sutured  over  the  defect  by  a  number  of  stitches  to  that  of 
the  other  side.    The  lateral  incisions  are  left  to  heal  by  granulation. 

Should  not  this  method  lead  to  the  desired  result,  it  is  better  to  incise 
all  around  the  fistula  at  least  |  inch  away  from  the  fistulous  edges,  and  to 
occlude  the  fistulous  opening  by  passing  a  number  of  strong  silk  threads 
through  the  thus  isolated  cuff  of  skin,  which  hangs  to  the  fistula.  This 
suture  approximates  broadly  the  skin  and  prevents  all  flow  of  intestinal 
contents.  Then  the  surrounding  skin  is  once  more  carefully  disinfected 
by  a  long  (five  minutes)  rubbing  with  alcohol  and  ether,  and  a  thorough 
swabbing  with  tincture  of  iodin,  and  the  abdomen  is  opened  laterally. 
Whatever  adhesions  are  found  between  the  fistulous  intestinal  loop  and 
the  neighboring  structures  are  cautiously  dissected.  The  index  finger  of 
the  left  hand  frees  the  adherent  intestinal  loop,  together  with  the  cuff  of 
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skin,  little  by  little  all  around,  until  we  have  on  both  sides  normal  perito- 
neal surfaces,  and  we  can  deliver  the  fistulous  loop  through  the  abdominal 
wound.  Should  this  not  succeed,  we  pack  well  the  free  abdominal  cavity 
in  all  directions  with  gauze  compresses,  and  excise  from  the  intestinal 
wall  the  fistula  together  with  the  surrounding  sclerosed  tissue.  While 
freeing  the  fistulous  loop  from  the  neighboring  structures,  we  naturally 
do  not  break  unnecessarily  far  superficial  adhesions  which  afford  protec- 
tion to  the  rest  of  the  abdominal  cavity,  and  in  case  we  have  to  divide 
dense  adhesions,  we  pay  due  attention  to  checking  any  bleeding  from  the 
cut  bands.  The  resulting  hole  in  the  intestinal  wall  is  closed,  as  shown 
in  Fig.  476,  page  494.  Complete  closure  of  the  wound  is  not  advisable. 
On  the  contrary,  we  always  bring  an  iodoform  gauze  strip,  or  a  drainage- 
tube  wrapped  in  gauze,  through  a  small  slit  left  open  in  the  abdominal 
wall.  In  case  of  very  broad  adhesions,  it  may  become  necessary  to  resect 
transversely  the  fistulous  intestinal  segment,  and  to  reunite  the  ends  in 
one  of  the  previously  approved  manners. 

An  artificial  anus  may  be  closed  operatively  in  the  way  just  explained, 
namely,  by  incising  the  skin  all  around,  suturing  it  over  the  anus,  mak- 
ing a  laparotomy,  and  freeing  the  bowel.  Owing  to  the  size  of  the  open- 
ing resection  will  always  be  necessary,  and  it  brings  with  itself  consid- 
erable danger  of  contamination  during  the  operation,  and  of  secondary 
infection  due  to  leakage  through  the  suture.  The  abdominal  cavity  must 
also  be  opened  much  more  widely  than  for  the  exposure  of  an  ordinary 
lateral  fistula.  Again,  it  is  difficult  in  transversal  resection  to  secure 
intestinal  segments  covered  with  a  normal  peritoneal  lining.  Finally,  in 
a  case  of  artificial  anus,  the  whole  operative  field  is  a  priori  much  more 
deeply  septic  than  in  case  of  an  intestinal  fistula,  as  what  escapes  from 
an  artificial  anus  is  the  whole  of  the  intestinal  contents.  This  method  of 
treating  the  artificial  anus  through  the  free  abdominal  cavity  must  be 
shunned  as  much  as  possible  when  we  have  to  deal  with  the  large  intes- 
tine, while  it  is  more  justifiable  on  the  small  intestine.  However,  we 
cannot  dispute  one  great  advantage  this  method  presents,  namely,  to  cure 
at  one  single  stroke  a  distressing  condition.  When  it  is  successful  no 
after-operation  is  needed.  In  artificial  anus,  the  spur  situated  between 
the  two  loops  impedes  the  passage  of  feces  from  the  afferent  into  the 
efferent.  Dupuytren  tried  to  do  away  with  that  spur  by  means  of  his 
enterotome  (called  also  intestinal  scissors,  but  better  spur  crusher) ,  We 
still  resort  to  his  method  nowadays,  and  already  when  making  the  arti- 
ficial anus,  we  arrange  the  afferent  and  efferent  legs  of  the  loop  in  a  way 
suitable  for  the  intended  later  closure.  But,  instead  of  the  Dupuytren 
instrument,  we  use  either  Mikulicz'  spur  crusher  or  Krause's  anasto- 
mosis clamp  (represented  in  Fig.  551,  and  which  Rotter  still  perfected 
by  adding  a  few  teeth  on  one  of  the  branches,  to  prevent  slipping).  Each 
blade  is  introduced  separately  in  the  lumen  of  the  bowel.  Then  both 
branches  are  articulated  together  by  means  of  the  lock,  and  cautiously 
pressed  against  each  other  with  the  outside  screw,  so  that  the  two  intes- 
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tinal  walls  embraced  between  the  blades  are  firmly  applied  against  each 
other  (see  Fig.  552,  showing  on  a  cross-section  the  afferent  and  efferent 
loops  of  an  artificial  anus.  The  walls  were  already  approximated  later- 
ally by  a  serous  suture,  prior  to  the  setting  of  the  enterotome,  and  the 
direction  of  action  of  both  blades  is  indicated  by  arrows).  The  screw  is 
tightened  a  little  more  every 
day  until  the  intermediate 
part  of  gut  is  crushed 
through,  and  thus  an  intra- 
abdominal communication 
is  established  between  the 
afferent  and  efferent  loops. 
The  opening  must  measure 
at  least  1}  to  1^  inches, 
which  fact  is  verified  by  the  finger  introduced  through  the  artificial 
anus.  As  soon  as  the  opening  is  sufficiently  large,  the  feces  pass  from 
the  afferent  into  the  efferent  loop,  and  give  conclusive  proof  of  the  cor- 
rect and  satisfactory  working  of  the  resulting  entero-anastomosis.  If 
both  loops  are  not  applied  taut  against  each  other,  there  is  always 
-danger  of  some  omentum,  gut,  or  mesentery  squeezing  in  between  the 
blades  of  the  instrument,  or  rather 
TTje^ocoion  between  the  walls  of  the  two  loops. 

In  such  cases  we  may  first  intro- 
duce the  thumb  in  one  loop  and  the 
forefinger  in  the  other,  and  deter- 
mine by  palpation,  with  a  fair  de- 
gree of  certainty,  whether  there  is 
anything  else  than  the  intestinal 
walls  between  those  two  fingers, 
and  next  change  the  position  of  the 
spur  crusher  under  the  control  of 
the  sense  of  touch.  Theoretically 
it  is  not  necessary  to  destroy  the 
spur  up  to  a  level  with  the  external 
opening;  but  practically,  in  most  cases,  the  superficial  remaining  portion 
of  the  spur  is  clipped  off  with  scissors.  To  cure  the  still  persisting  large 
labiate  intestinal  fistula,  we  must  now  detach  the  mucosa  and  intestinal 
wall  from  the  outer  skin.  The  intestinal  wall  is  dissected  free  all 
around  until  we  can  exactly  approximate  the  orifice  in  the  bowel,  and 
close  it  by  a  double  row  of  sutures.  Occasionally,  we  may  here  also 
attempt  to  undertake  this  reunion  through  the  free  abdominal  cavity. 
But  in  most  cases,  when  the  anastomosis  works  well,  the  intestinal  walls 
retract  strongly  in  the  abdomen,  and  the  outer  opening  narrows  spon- 
taneously. 

The  question.  Which  of  the  above-mentioned  methods  of  treatment  of 
an  anus  contra  naturam  (whether  artificial  or  spontaneously  developed) 
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ought  to  receive  preference?  might  be  answered  as  follows:  When  the 
opening  is  situatied  high  and  serious  starvation  is  impending  on  account 
of  the  escape  outside  of  the  major  part  of  the  food  and  of  the  improper 
utilization  of  the  latter,  the  operation  through  the  free  abdominal  cavity 
to  cure  rapidly  the  condition  by  an  intestinal  resection  is  to  be  advocated. 
When  the  artificial  anus  is  situated  on  the  ileum,  except  when  in  the 
lowest  part  of  the  latter  very  near  the  cecum,  intestinal  resection  is  also 
to  be  preferred  to  treatment  by  the  spur  crusher.  On  the  contrary,  the 
latter  method  is  the  one  to  be  tried  first  on  the  lowermost  part  of  the 
ileum  and  on  the  colon.  However,  it  is  far  from  being  painless  and  it 
may  cause  such  intense  suffering  that  it  may  have  to  be  discontinued. 

Appendicitis 

The  cecum,  together  with  the  vermiform  appendix,  rests  upon  the 
iliopsoas  muscle.  In  most  cases  it  possesses  a  complete  peritoneal 
sheath,  and  is  therefore  very  movable.  The  vermiform  appendix  is  found 
normally  in  the  prolongation  of  the  anterior  longitudinal  band,  the  so- 
called  tenia  libera,  in  the  lower  angle  formed  by  the  ileum  and  cecum. 
Its  mesentery  extends  in  the  direction  of  the  ileum  and,  when  stretched 
by  the  raising  of  the  appendix  upward,  appears,  as  a  rule,  as  a  horizon- 
tal peritoneal  duplication  between  the  two  layers  of  which  runs,  at  a 
certain  distance  from  the  mesenteric  insertion  into  the  appendix,  an 
important  branch  of  the  ileocecal  artery.  But  the  vermiform  appendix 
may  be  also  found  in  a  retrocecal  position  or,  in  a  few  cases,  attached 
firmly  to  the  posterior  abdominal  wall  by  a  short  meso.  It  goes  without 
saying  that  inflammation  and  adhesions  may  greatly  alter  the  position  of 
the  cecum  and  appendix.  The  best  guide  in  all  cases  is  the  anterior 
longitudinal  band  of  the  cecum,  followed  down  to  the  lower  angle  formed 
by  the  ileum  and  cecum. 

Of  course,  we  shall  speak  here  only  of  the  surgical  treatment  of 
appendicitis,  and  we  shall  even  begin  by  the  early  operation,  to  which 
we  commit  ourselves  unreservedly,  as  in  the  hands  of  an  experienced 
surgeon  it  is  devoid  of  danger.  By  early  operation  we  mean  the 
removal  of  the  appendix  within  24  to  48  hours  after  the  onset 
of  symptoms,  consequently  in  that  period  during  which  the  inflam- 
matory process  is  still  limited  to  the  appendix.  Whenever  this  is  no 
longer  the  case,  we  have  no  right  to  speak  of  early  operation.  The 
symptoms  may  often  give  accurate  information  as  to  the  location  of  the 
appendix  when  it  comes  to  deciding  on  the  line  of  incision.  A  well- 
localized  pain  indicates  with  great  certainty  the  exact  position  of  the 
appendix.  If  violent  nausea  and  vomiting  are  present,  the  appendix  will 
generally  be  found  free  in  the  peritoneal  cavity.  Bulging  and  tenderness 
in  Douglas'  cul-de-sac  and  pains  during  micturition  point  unerringly  to 
a  pelvic  position  of  the  offending  appendix,  pain  and  swelling  in  the  loin 
to  an  appendix  incurvated  upward  and  backward.    Flexion  of  the  thigh 
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due  to  retraction  of  the  psoas  muscle  and  pain  when  extension  is  attempted 
suggest  adhesions  to  the  iliac  fascia,  pain  during  deep  inspirations,  ad- 
hesions of  the  appendix  to  the  under  surface  of  the  liver.  According  to 
the  probable  location  of  the  appendix,  we  must  select  a  different  line  of 
incision  in  different  cases.  For  most  cases,  we  prefer  Lennander's  inci- 
sion, which  is  made  along  the  outer  edge  of  the  rectus  muscle,  in  the 
middle  of  the  space  between  the  navel  and  the  antero-superior  iliac  spine, 
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Fig.  663. 

for  a  length  of  2^  to  3  inches.  The  incision  is  carried  through  the  skin 
and  subcutaneous  tissue  to  the  anterior  leaf  of  the  sheath  of  the  rectus. 
After  a  careful  hemostasis,  the  outer  sheath  of  the  muscle  is  opened  about 
i  inch  far  from  the  bifurcation,  near  Spigel's  line,  of  the  aponeurosis  of 
the  internal  oblique  into  an  anterior  and  a  posterior  layer.  The  rectus 
is  deflected  laterally  and  whatever  nerves  or  bloodvessels  may  cross  the 
operative  field  are  isolated.  The  posterior  leaf  of  the  sheath  of  the  rec- 
tus, which,  in  most  cases,  is  here  already  very  thin,  is  incised  between 
two  forceps,  first  for  a  small  length,  then  on  the  forefinger  slipped  under- 
neath and  to  whatever  extent  seems  necessary.     The  peritoneum,  together 
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with  the  posterior  layer  of  the  sheath  of  the  rectus,  is  fastened  with 
peritoneal  clamps.  If  the  inflammatory  process  is  confined  within  the 
appendix,  there  are  no  adhesions  in  the  peritoneal  cavity.  The  omentum, 
which  frequently  is  the  first  organ  to  present  itself,  is  pushed  upward 
and  inward;  long  gauze  compressesareintroduced,  some  also  upward  and 
inward,  and  some  laterally  in  the  direction  of  Douglas'  space,  so  as  to 
protect  the  free  abdominal  cavity.  The  fingers  are  plunged  vertically 
in  the  depth  to  search  for  the  cecum,  which,  in  most  cases,  is  quickly 
found  and,  if  freely  movable,  can  be  easily  drawn  outside  through  the 
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small  abdominal  wound.  Frequently  in  the  acute  inflammatory  stage  one 
feels  at  once  the  hard  and  tense  appendix  and  we  can  deliver  it  outside  and 
lay  it  together  with  a  segment  of  cecum  on  gauze  compresses  arrayed  on 
the  abdominal  walls  (see  Fig.  553).  The  mesoappendix  is  well  spread 
out  and  a  few  ligatures  are  placed  on  its  base  (Fig.  554)  so  that  the  ap- 
pendix is  completely  freed  up  to  near  its  cecal  insertion.  Then  it  is 
crushed  transversely  across  its  base,  close  to  the  cecum,  with  a  Zweifel 
clamp  (see  Pig.  555)  or  a  Doyen  intestinal  crusher,  and  a  ligature  of  thin 
but  strong  silk  is  passed  around  each  of  the  ends  of  the  crushed  groove. 


The  tip  of  the  appendix  is  grasped  in  an  artery  forceps,  the  appendix 
itself  is  severed  through  the  crushed  groove  and  laid  aside  together  with 
the  scissors  used  for  this  latter  purpose  (see  Fig.  55C).     Burying  the 
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stump  in  the  depth  may  be  effected  in  several  different  ways.  Very  fre- 
quently, especially  when  the  neighboring  peritoneum  is  already  markedly 
inflamed  and  consequently  tears  easily,  we  bury  the  stump  under  a 
Lembert  suture  approximating  broad  peritoneal  surfaces  (see  Fig.  557). 
We  may  also,  before  cutting  away  the  appendix,  raise  on  both  sides, 
above  and  below,  a  peritoneal  fold  as  for  a  Kader  gastrostomy  (Fig.  489, 
page  508) .  If  we  make  an  assistant  cautiously  pull  on  both  threads,  the 
stump  immediately  disappears  in  the  depth  between  the  threads  as  soon 
as  the  appendix  is  severed,  and  the  threads  are  quickly  tied.  A  few  sup- 
plemental Lembert  stitches  insure  a  still  better  closure.  A  double  tier  of 
such  Lembert  stitches,  placed  at  intervals  ot  about  i  inch  from  each  other, 
with  very  fine  silk  and  intestinal  needles,  give  an  absolutely  secure 
closure. 

Another  method  of  treating  the  stump,  which  was  more  frequently 
used  in  earlier  days,  is  the  cuff  method  (see  Fig.  558  in  which,  to 


Fig.  558. 


make  the  illustration  clearer,  a  longer  segment  of  appendix  was  left 
than  would  be  the  case  in  reality).  Having  here  also  ligated  the 
mesoappendix  in  the  direction  shown  in  the  illustration  by  a  dotted  line, 
the  surgeon  prudently  incises  the  serous  coat  of  the  appendix  circularly 
at  i  inch  distance  from  the  cecum  and,  by  means  of  a  dissection  forceps, 
strips  back  a  little  the  peritoneal  lining.  The  now  remaining  cylinder  of 
muscularis  and  mucosa  is  doubly  ligated  and  cut  across  between  the  two 
ligatures,  after  a  gauze  compress  has  been  laid  all  around  to  catch  the 
intestinal  contents  that  may  eventually  escape.  Then  the  stripped  cylinder 
of  peritoneum  is  folded  back  in  place  to  cover  the  shorter  stump  of  mus- 
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cularis  and  mucosa,  and  fastened  over  the  latter  by  a  purse-strin^r  suture. 
This  gives  by  itself  a  safe  closure  of  the  serous  cavity.    A  second  purse- 
string  suture  is  passed  around  the  base  of  the  appendix,  about  i  inch 
from  its  point  of  implantation  into  the  cecum,  the  stump  is  pushed  in  the 
depth  by  a  closed  dissection  forceps  and  the  suture  tightened  so  that  the 
rest  of  the  appendix  is  inverted  into  the  lumen  of  the  cecum   and 
all  around  outside  broad  peritoneal  surfaces  are  brought  in  apposition. 
This  method  gives  the  least  narrowing  of  the  cecum,  but  is  applicable  only 
when  the  serosa  is  still  entirely  intact  and  has  not  been  made  friable  by 
infianmiation.    In  most  cases,  we  clamp  the  appendix  without  making  a 
cuff,  ligate  and  bury  it  in  the  depth  under  one  or  two  rows  of  sutures. 
If  the  appendix  is  very  brittle,  if  it  has  already  perforated,  we  at  least 
try,  after  carefully  walling-off  by  packing  the  neighboring  parts  of  the^ 
abdominal  cavity,  to  carry  a  ligature  around  its  base,  to  excise  it  after 
clamping  it  with  an  ordinary  artery  forceps,  and  to  stitch  the  peritoneum 
over  by  a  few  Lembert  sutures.    In  such  cases,  I  do  not  dare  close  com- 
pletely the  abdomen,  but  on  the  contrary,  I  leave  at  least  a  portion  of  the 
external  wound  open  to  bring  out  a  drainage-tube  wrapped  in  iodoform 
gauze.     The  appendix  being  removed  and  the  stump  attended  to,  the 
vicinity  of  the  operative  field  is  cleaned  with  a  gauze  compress  moistened 
with  a  little  lusoform  or  lysol  solution,  reexamined  to  see  if  all  bleeding 
has  stopped,  and  the  external  wound  is  altogether  repaired  by  a  threefold 
tier  suture.    (First  tier:  posterior  layer  of  the  sheath  of  the  rectus,  fascia 
transversalis,  peritoneum;  second  tier:  anterior  layer  of  the  sheath  of  the 
rectus  approximated  with  Sick  fascial  stitches;  third  tier:  skin,  subcu- 
taneous connective  tissue  and  fascia  superficialis.)     Over  the  wound  we 
apply  a  thick  gauze  compress  of  about  a  hand's  breadth  which  is  stuck 
firmly  by  wide  adhesive  plaster  strips.    The  patients  may  get  out  of  bed 
after  11  or  12  days. 

If  we  are  compelled  to  operate  later  than  the  early  stage,  when  an 
abscess  has  already  developed,  we  prefer  the  oblique  incision  parallel  with, 
and  about  two  or  three  fingers'  breadths  above  the  inguinal  ligament;  it 
begins  above  the  antero-superior  iliac  spine  and  is  carried  downward 
and  inward  as  far  as  necessary.  After  dividing  the  skin  and  superficial 
fascia,  we  incise  the  aponeurosis  in  the  direction  of  the  fibres  of  the 
external  oblique  muscle,  then  the  underlying  internal  oblique,  finally  the 
transverse  whose  fibres  have  to  be  incised  somewhat  obliquely.  In  many 
cases,  those  muscles  are  already  infiltrated  and  the  strata  are  indistinct. 
But  it  is  always  good  to  try  to  see  as  clearly  as  possible  in  what  muscle 
we  are,  so  as  to  have  an  exact  idea  of  the  depth  reached.  The  fascia 
transversalis  and  the  peritoneum  (which  in  suppurative  conditions  always 
seems  a  little  yellowish,  and  under  which  we  often  feel  fluctuation)  are 
opened  after  a  fold  has  been  lifted  between  two  dissection  forceps,  whei^ 
upon,  in  most  cases,  pus  already  gushes  out.  When  strongly  bloodshot 
and  crowded  forward  by  the  exudate,  the  fascia  transversalis  may  look 
like  an  inflamed  intestinal  surface.    When  fluctuation  is  manifestly  per- 
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ceived  underneath,  we  must  not  hesitate  however  to  incise  carefully  until 
some  fluid  or  pus  appears.  The  slit  in  the  peritoneum  is  enlarged  with 
scissors,  or,  often,  by  blunt  tearing  with  both  bent  forefingers.  Then  we 
carefully  sponge  off  the  pus,  lift  from  the  iliac  crest  the  structures  crowd- 
ing inward  and  upward  and  follow  cautiously  with  the  eye  and  the  finger 
the  various  recesses  from  which  pus  issues.  To  this  effect,  while  avoiding 
as  much  as  possible  the  free  peritoneal  cavity,  we  carry  our  investigations 
outward  and  upward,  and  downward  and  inward  toward  the  region  of 
Douglas'  cul-de-sac,  especially  when  pain  in  the  loin  or  bulging  and  ten- 
derness in  the  Douglas  pouch  elicited  by  rectal  examination,  and  pain  on 
urination,  pointed  to  an  extension  of  the  inflammation  in  those  regions. 
Frequently  a  very  thick  pad  of  swollen  omentum  lies  over  the  cecum,  and 
when  it  is  lifted  up,  the  flattened  appendix  comes  often  into  view.  In 
this  stage  of  the  disease,  we  do  not  think  it  is  absolutely  imperative  that 
the  appendix  should  be  found  and  removed.  If  it  comes  our  way,  as 
it  does  in  a  majority  of  cases,  while  we  are  looking  for  the  different 
recesses  formed  by  the  abscess,  it  is  carefully  clamped  close  to  the 
cecum  with  two  artery  forceps;  the  mesoappendix  is  also  clamped,  and  cut 
away  from  the  appendix^  the  base  of  which  is  ligated,  severed,  and  buried 
under  a  Lembert  suture.  We  pack  the  wound  with  a  Mikulicz  tent  and 
insert  a  long  drain  wrapped  in  iodoform  gauze  into  the  Douglas.  If  the 
suppuration  extends  farther  up  and  back  in  the  lumbar  region,  we  make 
there  a  counteropening  just  above  the  iliac  crest.  We  may  also  open  by 
blunt  burrowing  a  passage  for  a  drain  outside  of  the  psoas  muscle  by 
pushing  boldly  a  rigid  dressing  forceps  through  the  posterior  soft  parts 
until  the  tip  is  felt  under  the  skin,  incising  the  latter  over  said  tip, 
spreading  the  branches  apart  and  drawing  a  thick  drain  from  outside  into 
the  cavity.  It  has  been  my  experience  that  such  a  posterior  drainage 
affords  an  excellent  outlet  for  the  pus,  and  that  the  drain  opening  does 
not,  as  frequently  surmised,  become  obstructed  after  a  short  lapse  of 
time  by  tissues  encroaching  upon  it.  In  this  stage  of  the  disease,  I  do 
not  suture  and  I  prefer  to  take  a  chance  on  an  eventration  than  on  the 
extraordinarily  frequent  phlegmonous  inflammations  of  the  abdominal 
walls  which  necessitate  taking  away  the  stitches  and  reopening  the 
wound.  Should  a  ventral  hernia  develop  ulteriorly,  it  must  be  treated 
later  by  the  radical  operation.  A  large  dressing  shuts  off  the  region  of 
the  wound  from  the  thighs,  the  genitalia,  and  the  chest.  If,  after  open- 
ing the  peritoneum,  we  fall  into  the  free  abdominal  cavity,  the  latter 
must  be  carefully  protected  by  long  gauze  compresses  against  a  possible 
inflow  of  pus  while  we  are  searching  for  the  abscess;  the  packing  must 
leave  exposed  only  the  cecum,  part  of  the  ascending  colon,  and  the  Douglas 
inward  and  downward.  By  cautiously  lifting  up  the  cecum  and  colon, 
we  shall  soon,  in  most  cases,  come  upon  the  abscess,  which  in  those  cases 
is  frequently  retroperitoneal.  If  diffuse  peritonitis  is  already  present, 
we  may  draw  apart  from  each  other  the  adjoining  loops  of  small  intestine 
and  remove  as  best  we  can  with  dry  compresses  the  pus  existing  between 
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them.  If  there  is  also  an  abundant  exudate  on  the  left  side,  the  abdomen 
is  also  opened  on  that  side  above  Poupart's  ligament,  if  feasible,  by  dull 
splitting  of  the  muscle  fibres ;  here,  also,  all  pus  is  wiped  off  as  best  can  be 
done,  and  a  drain  wrapped  in  iodoform  gauze  is  introduced  in  the  abdomi- 
nal cavity;  eventually  a  counteropening  is  made  in  the  loin.  Only  very 
seldom  do  we  drain  the  Douglas  cul-de-sac  through  the  rectum  or  vagina, 
as  we  have  found  that  it  empties  itself  very  satisfactorily  through  the 
upper  abdominal  incision,  especially  if  the  patient  is  made  to  lie  on  the 
right  side.  Again  we  use  only  seldom  flushing  of  the  abdominal  cavity, 
in  diffuse  peritonitis,  with  large  quantities  of  warm  (104°-106®)  physio- 
logical salt  solution,  as  advocated  by  Rehn.  Rotter,  who  tested  compara- 
tively in  a  long  series  of  cases  the  dry  treatment  of  diffuse  peritonitis  and 
copious  irrigations,  came  to  the  conclusion  that  the  mortality  is  the  same 
with  both  methods.  However,  he  gained  the  impression  that  with  the 
irrigation  method,  convalescence  was  more  regularly  uneventful,  and  that 
he  was  less  often  obliged  to  open  secondarily  distant  abscesses  in  the  ab- 
dominal cavity.  As  yet,  I  could  not  bring  myself  to  close  completely  the 
abdomen,  as  Rotter  does,  in  cases  of  diffuse  peritonitis. 

Whether  we  ought  still  to  operate  on  patients  already  in  deep  collapse, 
or  whether  we  had  better  leave  them  alone,  is  a  question  about  which  we 
may  feel  uncertain.  Some  surgeons  consider  those  often  already  pulseless 
patients  as  a  noli  me  tangere  and  believe  to  have  often  brought  around  sim- 
ply by  stimulants  and  saline  infusions  some  of  those  cases  in  which,  in  their 
opinion,  an  operation  would  have  been  a  sure  death-warrant.  On  the 
other  hand,  I  might  quote  numerous  cases,  especially  in  children,  in  which 
I  operated  on  subjects  in  very  profound  collapse  and  in  which,  from  the 
moment  of  the  opening  of  the  abdomen  and  the  relief  of  the  pus  tension, 
a  very  rapid  improvement  took  place  in  the  general  condition,  which  turn 
for  the  better  in  my  judgment  could  not  be  ascribed  to  anything  but  the 
operation.  If  the  intestines  are  paralyzed,  if  vomiting  continues,  cecos- 
tomy  and  irrigations  of  the  bowel  and  of  the  stomach  have  in  many  cases 
given  good  results.  It  has  been  also  advised  to  make  the  fistula  higher 
up  on  the  small  intestine. 

If  we  should  want  to  sum  up  once  more,  in  few  words,  our  indications 
in  appendicitis,  we  might  formulate  them  as  follows: 

1st.  In  the  acute  stage  of  appendicitis,  operate  as  early  as  you  can, 
within  the  first  12  hours  whenever  possible,  find  and  remove  the  appen- 
dix, close  the  abdomen. 

2d.  When  that  early  stage  is  already  over,  that  is,  after  about  twice 
24  hours,  operate  if  the  pulse  remains  constantly  high  and  when  you 
note  a  marked  disparity  between  the  axillary  and  the  rectal  tempera- 
tures; when,  furthermore,  infiltration  increases  in  the  appendiceal  region, 
or  fluctuation  appears,  and  when  you  observe  the  first  symptoms  of  a 
diffuse  peritonitis.  In  this  stage,  evacuation  of  the  pus  is  our  chief  duty. 
If  during  the  operation  the  appendix  is  easily  found,  remove  it,  but  do 
not  work  systematically  with  said  removal  uppermost  in  your  mind.    If 
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the  pulse  and  temperature  drop,  and  the  infiltration  decreases,  wait  and 
watch  attentively  the  patient. 

3d.  All  patients  who  have  once  suffered  an  attack  diagnosed  with 
certainty  as  appendicitis  are  advised  to  submit  to  the  interval  operation, 
at  least  six  weeks  after  the  subsidence  of  the  symptoms. 

Appendicular  abscesses  localize  with  predilection  around  the  appen- 
dix with  possible  propagations  toward  the  Douglas  pouch,  the  right  and 
left  iliac  fossae,  and  upward  toward  the  liver  or  spleen,  and  in  the  con- 
cavity of  the  diaphragm  under  the  form  of  subphrenic  abscesses. 

Abscesses  burrowing  toward  the  Douglas  cul-de-sac,  as  well  as  those 
arising  in  that  region  from  other  causes  (retrouterine  abscesses),  may  be 
opened  and  drained  in  women  through  the  posterior  vaginal  fornix. 
Those  abscesses  are  in  most  cases  easy  to  feel  by  rectum.    The  uterus 


Fig.  669. 


and  cervix  are  strongly  crowded  forward.  The  swelling,  which  often 
involves  also  the  external  genitals,  can  extend  upward  to  a  point  above 
Poupart's  ligament.  Fever,  edema,  tenderness  of  the  involved  parts 
without  any  symptoms  of  general  peritonitis  will  in  most  cases  clearly 
show  the  location  of  the  suppuration.  Often  also  bimanual  examination, 
one  hand  over  the  abdomen,  the  other  in  the  rectum  or  vagina,  will  elicit 
evident  fluctuation.  We  open  retrouterine  abscesses  through  the  pos- 
terior fornix  of  the  vagina,  the  patient  being  in  the  lithotomy  position, 
after  a  careful  disinfection  (shaving  of  the  vulva,  irrigation  of  the 
vagina  with  a  weak  lysol  solution).  To  unfold  the  different  parts  of  the 
vagina  we  use  Sirmm's  vaginal  specula  (Fig.  559).  The  handle  repre- 
seYited  on  the  right  is  for  the  valve  placed  toward  the  symphysis,  the 
other  for  that  placed  toward  the  anus.  After  introducing  the  valve  for 
the  posterior  vaginal  wall,  the  surgeon  hooks  securely  the  cervix  with  a 
vulsellum  forceps  and  draws  it  toward  himself  and  upward  (i.e.,  toward 
the  symphysis  pubis).    General  anesthesia  is  not  necessary  in  most  cases, 
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lumbar  anesthesia  may  be  serviceable,  but  the  best  is  local  anesthesia 
with  1%  novocain-suprarenin  solution  injected  after  the  uterus  is  drawn 
down,  under  the  mucosa,  along  the  course  of  the  contemplated  incision, 
that  is,  over  the  most  prominently  bulging  point.  The  mucosa  is  incised 
crosswise  after  being  raised  in  a  fold  between  two  forceps.  The  tissues 
are  bluntly  pushed  upward,  care  being  taken  to  keep  as  much  as  possible 
to  the  posterior  circumference  of  the  vagina  to  avoid  the  bloodvessels 
entering  laterally  the  vaginal  wall.  A  longitudinal  incision  is  made  on 
the  most  bulging  point  exactly  in  the  median  line  until  pus  flows.  A 
strong  dressing  forceps  is  introduced  closed  through  the  incision,  then 
spread  open  to  enlarge  the  latter.  The  pus  cavity  is  palpated  in  all  direc- 
tions with  a  gloved  finger,  while  counterpressure  is  cautiously  exerted 
on  the  abdomen,  to  open  and  drain  well  all  recesses.  A  very  thick  rubber 
tube  wrapped  in  iodoform  gauze  is  introduced  into  the  cavity  and  pre- 
vented from  being  ''swallowed"  in  by  a  big  safety-pin  or  a  loop  of  silk 
passed  through  one  of  the  edges  of  the  incision.  The  vagina  is  packed 
around  the  drainage-tube  with  sterile  gauze.  Dressing  with  a  T-bandage. 
The  tube  can  be  taken  away  as  soon  as  no  more  pus  comes  out  through  it, 
and  fever  subsides. 

The  opening  of  abscesses  located  directly  on  the  iliac  bones,  in  the  iliac 
fossae  has  already  been  spoken  of  previously  (page  571). 

Abscesses  situated  higher  up  in  the  renal  region  are  recognized  by 
the  presence  of  fever,  tenderness  in  the  loin,  edema  of  the  skin,  diffuse 
swelling  of  the  lumbar  region  (as  detected  by  bimanual  exploration, 
one  hand  lying  over  the  abdomen,  the  other  under  the  loin),  and 
rigidity  of  the  muscles  inserted  into  the  lumbar  vertebrae,  eventually  re- 
sulting in  a  scoliosis  with  concavity  turned  toward  the  diseased  side.  It 
is  not  advisable  to  wait  before  opening  until  the  presence  of  superficial 
redness  and  fluctuation  conveys  undisputable  evidence  of  the  phlegmonous 
deep  inflammation.  The  patient  is  placed  in  the  lateral  position  on  the 
sound  side,  and,  in  a  direction  slightly  oblique  forward  and  downward, 
an  incision  is  made  between  the  iliac  crest  and  the  twelfth  rib,  lateral  to 
the  prominence  of  the  lumbar  muscles,  about  4  fingers'  breadth  distant 
from  the  spinous  processes,  through  the  skin,  superficial  fascia  and 
aponeurosis.  While  doing  this,  due  attention  must  be  paid  to  the  edem- 
atous infiltration  of  tissues.  Oftentimes,  distinct  fiuctuation  can  already 
be  felt,  whereupon  we  can  push  onward  in  the  depth  with  the  tip  of  a  closed 
dressing  forceps  or  a  Kocher  spatula.  The  few  lumbar  arteries  crossing 
the  operative  field  are  doubly  clamped  and  ligated.  Having  found  the 
pus,  the  surgeon  introduces  both  gloved  forefingers  in  the  cavity  of  the 
wound,  enlarges  bluntly  the  opening,  and  explores  the  cavity  in  all  direc- 
tions toward  the  liver,  the  kidney,  the  appendix.  Besides  a  very  thick 
drainage-tube,  we  put  in  the  cavity  a  Mikulicz  tent  of  iodoform  gauze 
packed  with  sterile  gauze.    The  external  wound  remains  wholly  open. 

Abscesses  situated  between  intestinal  loops  become  very  frequently 
adherent  to  the  abdominal  walls  and  may  be  diagnosed  by  the  localized 
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rigidity  of  the  muscles,  tenderness  on  pressure,  dulness  (marked  tym- 
panitic resonance  in  case  of  gaseous  abscesses)  and  fever,  in  the  absence 
of  symptoms  of  general  peritonitis.  If  there  be  much  tension  and  infiltra- 
tion of  the  abdominal  parietes,  we  shall  certainly  find  adhesions  between 
the  abscess  walls  and  the  parietal  peritoneum.  A  longitudinal  incision 
is  made  on  the  centre  of  the  swelling  through  the  abdominal  walls  until 
we  feel  sure  that  we  have  opened  the  peritoneum.  The  overlying  omen- 
tum or  the  intestinal  loops  are  bluntly  detached  with  the  finger  until  we 
come  upon  the  abscess;  the  wound  cavity  is  explored  with  the  finger  and 
a  thick  drain  inserted  (wrapped  in  iodoform  gauze).  If  we  do  not  find 
the  abdominal  cavity  safely  walled-oflf,  we  first  pack  it  thoroughly  to  pro- 
tect it  against  the  flow  of  pus,  andthen  only  open  the  abscess.  The  gauze 
compresses  are  left  in  situ. 

Subphrenic  Abscesses. — These  are  most  frequently  observed  after 
appendicitis,  but  also  in  cholecystitis,  abscesses  of  the  liver  that  have 
broken  through  the  parenchyma,  or  as  remnants  of  a  general  peritonitis, 
or  still  in  puerperal  infections.  The  diagnosis  may  be  really  difficult  and 
its  elements  cannot  be  set  forth  in  detail  here.  As  most  important  symp- 
toms, I  shall  however  mention  fever  following  (maybe  after  a  rather  long 
quiescent  stage)  abdominal  diseases,  displacement  of  the  liver  downward, 
an  area  of  dulness  convex  upward,  a  shadow  equally  convex  upward  on 
radioscopic  examination,  and  a  dull  lasting  ache  in  the  hypochondrium. 
Frequently,  when  a  diagnosis  cannot  be  made,  we  shall  have  to  resort  to 
an  exploratory  pimcture  which  will  supply  conclusive  evidence  as  to  the 
presence  of  pus,  its  nature,  and  the  depth  at  which  we  shall  find  it.  If 
the  tapping  is  made  posteriorly,  swinging  of  the  needle  isochronous  with 
the  respiratory  rhythm  will  show  that  the  instrument  has  gone  through 
the  diaphragm.  Marked  tympany  and  escape  of  gas  through  the  puncture 
indicate  that  the  suppuration  is  connected  with  the  gut.  Averse  as  we 
may  be  to  an  indiscriminate  use  of  exploratory  puncture  in  other  cases, 
we  frequently  have  to  resort  to  it  to  confirm  a  diagnosis  of  subphrenic 
suppuration.  If  there  is  a  concomitant  exudate  in  the  pleura,  the  diag- 
nosis may  become  exceedingly  difficult.  If  the  abscess  already  bulges  for- 
ward before  the  costal  arch,  or  even  fluctuates,  the  diagnosis  is  naturally 
easy.  In  the  latter  case,  we  make  an  oblique  incision  over  the  most  promi- 
nent point  of  the  swelling  and  parallel  with  the  costal  arch.  We  thus 
widely  open  the  abscess,  palpate  its  inside  with  the  finger,  and  introduce 
one  or  two  thick  rubber  drains  in  the  cavity  in  different  directions.  In 
case  of  abscess  situated  under  the  dome  of  the  diaphragm,  it  is  best  to 
operate  by  the  transpleural  route,  as  described  on  page  430,  and  to  drain 
backward. 

Laparotomy  in  Peritoneal  Tuberculosis. — As,  beyond  a  doubt,  peri- 
toneal tuberculosis  not  unfrequently  heals  spontaneously,  we  shall  resort 
to  that  operation  first  performed  by  Koenig  only  after  the  resources  of 
internal  therapy  have  been  exhausted.  Laparotomy  is  not  more  dangerous 
than  tapping  of  the  abdomen  followed  by  injection  of  iodoform  glycerin 
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or  of  suspensions  of  very  fine  particles  of  animal  charcoal,  as  in  tappinir 
we  may  very  easily  injure  intestinal  loops  frequently  matted  together  and 
adherent  to  the  abdominal  waU.  The  abdomen  is  opened  in  the  midline 
by  a  not  too  short  incision  circling  the  left  side  of  the  navel :  great  pains 
are  taken  to  reach  firet  the  free  peritoneal  cavity,  so  as  thence  to  be  able 
to  separate  with  caution  the  intestinal  loops  frequently  adherent  to  the 
parietal  serosa.  Oftentimes,  the  tissues  in  a  part  of  the  incision  are  so 
altered  that  we  cannot  say  exactly  at  what  depth  we  are.  If  such  be  the 
case,  rather  select  another  point,  above  or  below,  to  proceed  deeper.  The 
opening'  in  the  abdominal  cavity  ought  to  measure  frcnn  4  to  5  inches. 
The  hand  is  introduced  into  the  abdomen  and  carefully  detaches  all  ad- 
hesions; the  patient  is  turned  on  the 
side  and  the  serosity  contained  in  the 
lateral  parts  and  in  the  pelvis  allowed 
to  drain  out  as  completely  as  possible. 
An  irrigation  with  warm  physiological 
salt  solution  (104°-108°),  followed  by  a 
thorough  evacuation  of  the  fluid  used  for 
the  irrigation,  can  do  no  harm;  but,  on 
the  other  hand,  I  hold  scraping  thick 
tuberculosis  granulations  to  be  a  danger- 
ous and  injudicious  procedure,  as  it  may 
easily  lead  under  such  conditions  to  per- 
foration and  general  peritonitis,  if  there 
are  no  previous  sufficient  adhesions  to 
the  anterior  abdominal  walL  The  ab- 
dominal wormd  is  entirely  closed  in 
layers  by  the  technique  usually  used  for 
median  incisions  (see  page  442). 

Tapping  of  the  Abdomen  (Fig. 
560). — As  a  rule,  the  patient  being 
in  the  sitting  position,  we  tap  either 
in  the  linea  alba,  exactly  midwi^  be- 
tween the  navel  and  symphysis  (point  B),  or  in  the  middle  of  a  line 
drawn  mentally  from  the  navel  to  the  middle  of  the  inguinal  ligament 
(point  A).  Those  points  avoid  with  certainty  the  branches  of  the  epi- 
gastric artery.  Personally  I  prefer  tapping  in  the  median  line.  Before 
the  operation,  the  bladder  must  be  thoroughly  emptied,  the  abdominal 
surface  is  carefully  disinfected  and  the  pubic  region  shaved.  The  point 
of  entrance  of  the  trocar  is  made  insensitive  by  a  superficial  lump  of 
novocain  solution,  and  the  anesthesia  is  completed  down  to  the  sheath  of 
the  rectus  by  a  vertical  infiltration  of  the  tissues  perpendicular  to  the  sur- 
face. If  the  skin  is  very  tough,  especially  if  there  already  have  been 
numerous  previous  tappings,  better  make  a  very  small  transverse  incision 
with  a  pointed  knife.  Use  an  ordinary  trocar  (Figs.  412  and  413,  page 
404)  or  Krtenig's  instrument  (Fig.  411,  page  403)  which  presents  this 
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advantage  that  the  bowel  does  not  obturate  as  easily  its  lateral  opening, 
as  it  does  the  central  end  orifice  of  the  ordinary  trocar.  The  instrument 
is  first  driven  down  to  the  aponeurosis,  easily  recognized  by  the  distinct 
resistance  it  offers,  then  strongly  pushed  farther  in  the  depth.  •  There  is 
no  danger  of  wounding  the  intestines  which  float  above  on  the  fluid.  The 
latter  is  drained  out  slowly.  To  maintain  intra-abdominal  pressure  fairly 
constant,  lay  over  the  abdominal  wall  above  and  below  the  trocar  a  long 
towel  which  an  assistant  maintains  steadily  stretched.  Should  a  syncopal 
feeling  develop,  lay  the  patient  horizontally;  if  need  be,  give  stimulants 
and  withdraw  the  trocar.  Over  the  small  wound  we  apply  a  little  iodo- 
form gauze  held  in  place  by  a  strip  of  adhesive  plaster.  The  fluid  leaks 
often  for  a  long  time  through  the  orifice  of  puncture,  so  we  must  pro- 
vide for  enough  sterile  absorbent  material:  but  a  resulting  ascending 
infection  is  not  to  be  feared. 

Operations  on  the  Anus  and  Rectum 

Preliminary  Anatomical  Remarks. — According  to  Coming^  the  rec- 
tum begins  where  the  mesosigmoid  stops:  in  other  words,  at  the  point 
where  the  posterior  surface  of  the  bowel  begins  to  rest  directly  on  the 
connective  tissue  situated  before  the  hollow  of  the  sacrum.  The  upper 
limit  of  the  rectum  corresponds  fairly  exactly  to  the  line  between  the 
second  and  third  sacral  vertebrae.  The  length  of  the  segment  of  intestine 
extending  from  this  point  down  to  the  anal  orifice  is,  on  a  vertical  sagittal 
section,  about  5  or  6  inches.  In  the  rectum,  we  consider  two  portions, 
namely,  the  ampulla  and  the  anal  canal.  The  ampulla  partly  lies  free  in  the 
lesser  pelvis,  partly  rests  in  the  concavity  of  the  sacrum ;  the  anal  segment, 
in  the  part  of  the  lesser  pelvis  situated  near  the  perineal  skin.  Pro- 
ceeding from  behind  forward  toward  the  rectum  above  the  anal  orifice,  the 
sacrum  being  supposedly  removed,  we  find  successively :  the  skin,  subcuta- 
neous connective  tissue  and  dense  superficial  fascia;  then  a  sortof  raph^, 
the  anococcygeal  ligament,  stretched  between  the  two  levator  ani  muscles 
from  the  tip  of  the  coccyx  downward  to  the  region  of  the  external 
sphincter.  The  lowest  fascicles  of  the  levator  ani  of  one  side  cross  those 
of  that  of  the  other  and  part  of  them  pass  into  the  longitudinal  muscular 
fibres  of  the  rectum.  Having  divided  the  raph6  and  the  lowest  fibres  of 
the  levatores  ani,  we  see  a  fascia  over  which,  in  a  majority  of  cases,  run 
a  few  vascular  rami  arising  from  the  middle  sacral  artery.  The  fascia 
itself  is  the  visceral  layer  of  the  pelvic  fascia,  also  called  endopelvic 
fascia,  which  reflects  inward  over  the  rectum  and  blends  with  the  sheath 
of  connective  tissue  enveloping  the  latter.  Forward,  this  fascia  forms  a 
tough  septum  separating  the  prostate,  seminal  vesicles  and  urinary  blad- 
der from  the  rectum.  In  the  rather  abundant  fatty  tissue  situated  between 
the  rectum  and  the  visceral  layer  of  the  pelvic  fascia  are  found  blood- 
vessels which  will  be  described  more  in  detail  later.  The  rectum  itself, 
which  is  seen  when  said  fatty  tissue  has  been  dilacerated,  possesses  a 
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well-developed  system  of  longitudinal  muscular  fibres  which,  as  already 
set  forth,  intertwine  in  the  anal  region  with  the  fibres  of  the  levatores 
ani.  The  circular  layer  of  muscular  fibres  of  the  rectimi  forms  in  the 
higher  part  of  the  anal  segment  the  internal  anal  sphincter.  The  external 
anal  sphincter  lies  outside  of  the  latter  in  the  anal  region.  Many  call 
sphincter  ani  tertius  a  marked  transversal  fold,  easily  felt  by  palpation, 
situated  about  2i  inches  above  the  anal  orifice.  Before  the  rectum,  and 
separated  from  it  by  the  visceral  leaf  of  the  pelvic  fascia,  lie  the  pros- 
tate, seminal  vesicles  and  bladder,  or  the  vagina  and  uterus,  according 
to  sex.  The  ampulla  is  susceptible  of  considerable  expansion  forward 
and  laterally ;  the  uppermost  segment  of  its  anterior  and  lateral  walls  are 
covered  with  peritoneum;  imder  normal  circumstances,  the  peritoneal 
fold  remains  a  little  above  the  upper  limit  of  the  prostate,  but  this  ana- 
tomical relation  is  very  variable.  Consequently,  the  peritoneimi  sinks 
between  the  rectal  ampulla  and  the  posterior  aspect  of  the  bladder  or 
uterus,  as  the  case  may  be,  forming  the  retrovesical  or  retrouterine  cul- 
de-sac  (Douglas),  so  that  the  upper  two-thirds  of  the  ampulla  have  a  par- 
tial peritoneal  lining.  The  reflexion  of  the  peritoneum  from  the  lowest 
portion  of  the  sigmoid  flexure  (called  pelvic  colon  by  Jonneaco)  over  the 
visceral  leaf  of  the  pelvic  fascia  follows  a  line  oblique  forward  and  down- 
ward. At  the  point  where  the  sigmoid  colon,  which  is  completely  en- 
sheathed  in  peritoneum  and  has  a  meso,  is  continued  by  the  rectum,  the 
peritoneum  leaves  first  the  lateral  surfaces  of  the  latter  and,  finally,  its 
anterior  aspect  to  be  reflected  toward  the  bladder  or  uterus. 

Arterial  Blood-Supply  of  the  Rectum. — All  of  the  rectal  ampulla, 
down  to  the  anal  segment,  is  supplied  solely  by  the  superior  hemor^ 
rhoidal  artery  which  arises  from  the  inferior  mesenteric  artery  and,  in 
fact,  is  the  terminal  branch  of  the  latter.  This  artery  runs  along  the 
posterior  aspect  of  the  bowel,  between  the  two  layers  of  the  mesocolon, 
follows  a  downward  course  almost  exactly  vertical  and,  at  the  point  where 
the  sigmoid  colon  becomes  the  rectal  ampulla,  bifurcates  into  two  large 
and  important  branches,  which  ramify  many  times  and,  in  front  of  the 
rectum,  anastomose  with  each  other  and,  below,  with  the  ramifications  of 
the  middle  hemorrhoidal  arteries  (coming  from  the  hypogastric  or  in- 
ternal pudic).  The  middle  hemorrhoidal  arteries  are  distributed  on 
each  side  to  the  anal  segment  and  to  the  lowest  part  of  the  ampulla.  The 
inferior  hemorrhoidal  arteries  arising  from  the  internal  pudic  arteries 
form  a  network  principally  around  the  anal  orifice.  The  upper  hemor- 
rhoidal artery  fastens  and  immobilizes  the  rectum  above,  and  therefore, 
according  to  Rehn,  when  we  want  to  bring  down  the  upper  part  of  the 
rectum  and  the  lower  part  of  the  sigmoid  flexure,  we  must  sever  this  artery 
and  ligate  each  end.  Its  anastomoses  with  the  lower  sigmoid  arteries 
are  but  meagre,  there  is  no  well-marked  marginal  loop.  Farther  below, 
when  speaking  of  the  extirpation  of  high-situated  rectal  carcinomata,  we 
shall  describe  exhaustively  the  way  to  treat  the  hemorrhoidal  arteries 
to  insure  a  good  blood-supply  for  the  remaining  segment  of  the  rectimu 
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Among  the  numerous  operations  on  the  anus  and  rectum,  those  imder- 
taken  against  malignant  newgrowths,  chiefly  carcinomata,  rank  as  the 
most  difficult.  The  frightfully  high  mortality  observed  in  earlier  times 
after  operations  of  that  type  can  be  brought  down  to  a  considerably  lower 
ratio,  according  to  Krordein,  by  carefully  preparing  the  patient  (so  that 
the  bowel  is  altogether  empty),  insuring  a  very  minute  hemostasis  by 
numerous  silk  ligatures  and  sparingly  using  of  iodoform  and  of  ether  anes- 
thesia. Lately,  we  have  been  using  very  often  Bier's  limibar  anesthesia, 
which,  however,  in  very  long  operations,  has  the  disadvantage  of  some- 
times not  lasting  till  the  end.  In  such  cases,  it  may  have  to  be  supple- 
mented by  light  ether  anesthesia.  To  prepare  the  patient,  we  must 
administer  cathartics  for  at  least  a  week  and  give  him  a  sustaining  diet 
leaving  but  little  residue.  Two  days  before  the  operation,  the  patient 
receives  only  fluid  nourishment,  without  milk,  and,  to  disinfect  the  bowel 
and  constipate  at  the  same  time,  seven  grains  of  bismuth  tannate  3  or  4 
times  daily;  the  evening  before  the  operation,  he  is  given  10  drops  of 
tincture  of  opium.  Morning  and  evening  during  the  last  days,  and  for 
the  last  time  on  the  evening  preceding  operation,  the  bowel  is  thoroughly 
flushed  with  warm  physiological  saline  solution  by  means  of  a  soft  intes- 
tinal tube  pushed  in  as  high  as  possible. 

We  give  distinctive  names  to  different  types  of  operations  according  to 
whether  we  remove  the  rectum  with  its  terminal  segment,  or  even  the 
rectum  together  with  its  pelvic  part  (Jonnesco's  pelvic  colon),  or  simply 
segments  in  the  continuity.  Amputation  means  removal  of  part  of  the 
rectum,  beginning  at  the  anal  segment  and  extending  more  or  less  high 
up  to  the  pelvic  colon  or  the  sigmoid  flexure,  with  subsequent  approxima- 
tion of  the  upper  stump  to  the  anal  ring.  In  resection,  part  of  the  low- 
est segment  of  the  rectimi  in  the  anal  region  is  left  in  situ.  Kocher 
classes  also  among  amputations  the  removal  of  the  rectum  with  con- 
servation of  the  sphincteric  portion  or  excision  of  only  its  mucous 
lining.  Removal  of  the  anal  segment,  of  the  ampulla,  pelvic  colon, 
and  a  more  or  less  long  portion  of  the  sigmoid  flexure  (Quinu's 
method)  is  termed  extirpation  of  the  rectum.  A  short  discussion  of 
the  indications  of  the  different  methods  will  be  added  at  the  end  of  this 
chapter. 

The  intrarectal  method  in  which,  after  dilating  the  sphincter  or,  if 
needed,  splitting  the  latter  in  the  posterior  raphg,  in  case  of  malig- 
nant tumors,  the  surgeon  extirpated  parts  of  the  rectal  wall,  or  fetched 
the  newgrowth  outside  by  telescoping  the  segment  of  rectum  carrying  it 
through  the  one  situated  below,  is  hardly  ever  utilized  now  and  therefore 
its  technique  may  be  omitted  here.  Nowadays,  we  always  approach  the 
rectum  from  outside  and  always  remove  malignant  tumors  by  a  circular 
excision  of  the  diseased  rectal  segment. 

According  to  the  starting-point  of  surgical  attack,  from  the  peri- 
neum, or  from  behind  through  a  longitudinal  incision,  or  through  a 
combined  route,  from  the  abdomen  and  from  behind  or  the  perineum,  we 
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distinsfuish  between  the  so-called  perineal,  dorsal,  abdomino^perineal 
and  abdomino'dorsal  methods. 

The  perineal  method  was  employed  first  by  Li^ranc  and  Dieffevbach. 
For  this  reason,  though  in  the  course  of  time  it  necessarily  had  to  undergo 
important  changes,  it  must  be  linked  with  Li^ranc*s  name. 

In  all  methods  we  strive,  whenever  possible,  to  postpone  till  the  last 
moment  the  opening  of  the  bowel  and  the  removal  proper  of  the  tumor,  so 
as  to  protect  the  generally  very  large  and  anfractuous  woimd  against  con- 
tact with  the  exceedingly  infectious  rectal  contents  and  carcinomatous 
secretion. 

In  Ldtfranc*s  method  of  amputation  of  the  rectum,  the  patient 
is  put  in  the  lithotomy  position,  with  the  pelvis  moderately  raised  so 
that  the  buttocks  overhang  the  edge  of  the  table  at  least  a  hand's  breadth. 
The  slipping  back  of  the  patient  is  best  prevented  by  shoulder-rests. 
The  hips  and  knees  are  bent  at  acute  angles,  the  limb  strongly  rotated 
outward  and  abducted  and  maintained  by  leg-holders;  or  two  helpers,  each 
standing  to  one  side  of  the  patient,  take  them  over  their  shoulders  on 
their  back.  The  area  of  the  operative  field  is  bounded  as  usual.  The 
operation  is  always  preceded  by  closure  of  the  anal  orifice  by  means  of  a 
circular  subcutaneous  suture  i  of  an  inch  distant  from  the  anal  edge  and 
placed  according  to  Thiersch's  method,  as  described  farther  below.  When 
this  suture  is  completed,  the  vicinity  of  the  anus  is  once  more  thoroughly 
painted  with  tincture  of  iodin.  The  skin  of  the  anus  is  enclosed  with- 
in an  oval  incision  about  IJ  inches  distant  from  the  circumference  of  the 
orifice.  When  the  incision  thus  made  does  not  afford  ample  room,  it  may 
be  prolonged  forward  and  backward  in  the  median  line.  The  knife 
divides  the  skin,  the  generally  very  abundant  fatty  tissue,  and  the  fascia 
superficialis ;  the  edges  of  the  external  wound  are  caught  on  each  side 
with  long  sharp  hooks  and  strongly  drawn  outward.  Then,  with  stout 
needles  and  heavy  silk,  we  suture  transversely  both  medial  edges  of  the 
wound  together;  we  thus  completely  exclude  the  anal  region  from  the 
operative  field  and,  by  leaving  the  silk  loops  long,  secure  a  good  grip  to 
pull  on  the  rectum.  This  pulling  must  never  be  violent,  as  otherwise  the 
rectal  wall  made  brittle  by  infiltration  of  cancerous  tissue  may  tear  in  any 
point.  The  incision  is  first  deepened  on  the  anterior  side  of  the  rectum 
until  we  see  well  the  transversal  body  of  the  transversus  perinei  super- 
ficialis muscle  (see  illustration  in  the  chapter  on  Perineal  prostatectomy). 
Between  this  muscle  and  the  external  sphincter,  the  fibres  passing  from 
the  bulbo-cavemous  muscle  into  the  external  sphincter  are  cautiously 
divided  in  a  transversal  direction.  The  beginner  will  do  well  to  have 
during  this  step  a  metallic  sound  in  the  urethra.  We  proceed  further  in 
the  depth  horizontally  between  the  sphincters  and  the  urethra  and  pros- 
tate; the  whitish  tendinous  cord  formed  by  the  raphe  stretching  between 
the  bulb  of  the  urethra  and  the  sphincteric  part  of  the  rectum  is  divided 
little  by  little  and  we  always  keep  nearer  to  the  sphincters  than  to  said 
raph6  or  the  bulbo-cavernosus  muscle.    Next,  we  penetrate  laterally  of 


SURGERY  OF  THE  ABDOMEN  581 

the  sphincters  into  the  pararectal  fatty  tissue  of  the  ischio-rectal  fossa, 
and  there  we  reach  as  high  as  the  fibres  of  the  levator  ani.  We  call  ischio- 
rectal fossa  the  space  included  between  the  parietal  layer  of  the  pelvic 
fascia  lining  the  inner  surface  of  the  obturator  intemus  muscle,  the  fascia 
superficialis,  and  the  lower  aspect  of  the  levator  ani  muscle.  This  space 
is  bridged  by  the  inferior  hemorrhoidal  vessels  going  to  the  rectum,  and 
around  which  we  carry  ligatures  with  a  needle.  After  double  ligation, 
the  vessels  are  cut.  The  fascicles  of  the  levator  ani  are  circularly  cut 
all  around  the  rectimi,  together  with  the  lining  fascial  layer  constituted 
by  the  visceral  leaf  of  the  pelvic  fascia;  behind,  the  ano-coccygeal  liga- 
ment stretched  between  the  tip  of  the  coccyx  and  the  sphincteric  portion 
of  the  rectum  is  also  severed.  Once  the  fascicles  of  the  levator  ani  have 
been  divided  also  in  front  of  the  rectum,  it  becomes  easy  to  expose  up  to 
the  capsule  of  the  prostate  the  membranous  portion  of  the  urethra  still 
covered  by  a  fascial  layer,  and  to  separate  from  the  latter  the  rectum 
which  is  then  pressed  backward.  If  we  go  still  higher  up  between  the 
rectum  retracted  toward  the  concavity  of  the  sacrum  and  the  urethra  and 
prostate  drawn  upward  (i.e.,  toward  the  symphysis,  in  the  lithotomy 
position)  by  means  of  a  broad  blunt  retractor,  we  come  on  the  right  and 
on  the  left  side  upon  the  seminal  vesicles  and,  between  them,  upon  an 
area  of  bladder-wall  about  an  inch  high.  When  we  arrive  there,  we  have 
reached,  if  not  even  already  passed,  the  deepest  point  of  the  peritoneal 
cul-de-sac,  and  can  now  devote  our  attention  to  freeing  the  posterior  sur- 
face of  the  rectum.  The  branches  of  the  middle  hemorrhoidal  artery  are 
doubly  ligated  and  severed.  If  now  we  have  everywhere  reached  well 
above  the  tumor,  and  if  the  rectal  stump  can  be  lowered  without  tension 
down  to  the  anal  ring,  the  liberation  is  sufficient.  The  rectum  is  drawn 
down  until  the  upper  limit  of  the  tumor  lies  about  an  inch  below  the  edge 
of  the  skin  incision.  The  walls  of  the  sound  segment  of  rectum  are  fas- 
tened by  buried  catgut  sutures  to  the  stumps  of  the  levatores  ani,  ano- 
coccygeal ligament,  and  raph6  between  the  two  bulbo-cavemous  muscles, 
and  thus  maintained  in  position.  It  the  oval  incision  was  lengthened 
backward  and  forward,  these  extensions  are  first  closed  by  deep  sutures, 
then  the  rectum  is  divided,  layer  after  layer,  about  an  inch  above  the  dis- 
tinctly felt  upper  margin  of  the  tumor,  and  sutured  to  the  edges  of  the 
skin  incision  by  a  number  of  stout  silk  stitches  always  passed  from  the 
skin  side  toward  the  mucous  side.  Kocher  uses  aluminum  bronze  wire  for 
these  sutures;  I  should  prefer  Vienna  wire. 

Rehn  has  further  elaborated  this  perineal  method  of  Ld^franc  and  ap- 
plies it  to  tumors  situated  higher  which,  as  a  rule,  we  approach  through 
a  dorsal  incision.  Oval  incision  around  the  anus,  division  of  the  anterior 
raph6  to  the  sphincter,  deepening  of  the  wound  and  digging  between 
the  fibres  of  the  levator  ani  in  the  space  between  the  urethra,  prostate 
and  bladder  on  one  side  and  the  rectum  on  the  other.  The  dissection  is 
carried  on  upward  until  the  seminal  vesicles,  the  prostate,  and  part  of 
the  bladder-wall  (see  above)  are  exposed  and  we  see  the  floating  peri- 
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toneal  fold.  (Adhesions  with  the  bladder  and  ureters  contraindicate  this 
method.  When  the  existence  of  those  adhesions  cannot  be  accurately 
settled  by  preliminary  examinations,  Rehn  himself  recommends  to  abstain 
from  using  his  method,  all  the  more  because  the  prospects  of  a  radical 
removal  are  very  small.)  Packing  of  the  anterior  part  of  the  woimd  and 
longitudinal  posterior  incision  from  the  sacrum  along  the  coccyx  to  tiie 
sphincter.  Splitting  of  the  external  and  internal  sphincters  in  the  pos- 
terior midline  after  opening  the  retrorectal  space  so  that  the  muscular 
apparatus  which  constricts  the  perineal  portion  of  the  rectimi  lies  before 
us  split  into  two  large  lateral  halves.  The  bowel  is  divided  above  the 
sphincters  by  two  horizontal  incisions,  one  on  the  right  side,  the  other 
on  the  left,  and  temporarily  closed.  (It  is  a  great  drawback  of  this 
method  that  during  this  step  we  cannot  avoid  with  certainty  leakage  of 
intestinal  contents. )  Then  we  have  to  detach  on  both  sides  the  levatores 
ani  covered  by  their  fascia,  behind,  the  fascia  covering  the  sacrum, 
during  which  step  several  branches  of  the  middle  sacral  artery,  the  middle 
hemorrhoidal  and  the  inferior  have  to  be  ligated  carefully.  The  rectal 
stump  is  drawn  downward,  after  the  peritoneal  reflexion  has  been  incised 
close  in  front  of  the  bowel  and  its  edges  caught  in  artery  forceps;  the 
superior  hemorrhoidal  artery  which  descends  vertically  between  the  two 
layers  of  the  pelvic  mesocolon  is  ligated.  While  ligating  the  pelvic  meso- 
colon, whatever  lymphatic  glands  come  into  view  are  completely  excised. 
Then  the  bowel  is  drawn  downward,  stitched  laterally  to  the  subcu- 
taneous tissue  in  the  region  of  the  remaining  sphincteric  flap,  and  excised. 
The  sphincters  are  repaired  over  the  stump  with  catgut,  the  rectal  wall 
approximated  to  the  outer  skin,  the  wound  closed  before  and  behind, 
barring  a  gap  left  open  for  a  thick  drain.  (This  preservation  of  the 
sphincteric  system  may  perhaps  insure  continence  for  solid  feces,  but 
will  hardly  be  sufficient  for  liquid  matter  and  gases.  Ck)nsequently,  we 
may  at  best  figure  on  a  relative  competence. )  This  perineal  method,  used 
in  conjunction  with  the  splitting  of  the  vagina  in  its  posterior  midline, 
is  best  suited  for  rectal  carcinoma  in  women.  In  women,  the  operation 
is  also  made  easier  because  the  pelvis  is  so  much  broader  than  in  men. 

Rehn*s  vaginal  method  opens  an  extraordinarily  wide  access  to  the 
rectum,  and  it  cannot  be  understood  why  it  should  be  used  only  in  case  of 
adhesions  between  the  rectum,  vagina,  and  uterus.  Freeing  the  anterior 
surface  of  the  rectum  up  to  the  reflexion  point  of  the  peritoneum  is,  after 
the  vagina  has  been  split,  much  easier  than  in  men. 

Dorsal  Methods 

Exposure  of  the  Rectum  with  Resection  of  the  Coccyx  after  Kocher 
( Verneui/).— The  patient  is  placed  on  the  right  or  on  the  left  side,  thighs 
flexed  and  trunk  bent  forward  (see  Fig.  561).  The  anus  is  closed  by  a 
subcutaneous  suture  as  in  perineal  extirpation.  Median  incision  begin- 
ning above  the  sacrococcygeal   synchondrosis,  descending  to  the  anus 
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through  the  skin,  fatty  subcutaneous  tissue  and  fascia  superficialis,  and 
reaching  down  to  the  bone  in  its  upper  part,  whilst  in  the  lower  it  stops 
after  dividing  the  tough  last-named  fascia  which  is  dissected  on  both 
sides  and  retracted  laterally  by  means  of  sharp  hooks.  The  coccyx  is 
freed  from  its  connections:  first,  it  is  strongly  pushed  inward  and  the 
sacro-coccygeal  syn- 
chondrosis is  cut  with 
a  bone  knife;  next,  the 
sides  and  tip  are  liber- 
ated from  their  liga- 
mentous insertions  by 
the  same  knife  kept 
close  to  the  bone.  A 
sharp  hook  then  pulls 
strongly  the  coccyx  out- 
ward and  the  latter  is  ~~  " 
detached  from  the  sub-  F'g-  561. 
jacent  structures  by  a 

few  nips  of  stout  pointed  scissors.  If,  while  doing  this,  we  have  wounded 
a  few  terminal  ramifications  of  the  middle  sacral  artery,  we  must  damp 
and  ligate  those  which  run  over  the  visceral  layer  of  the  pelvic  fascia. 
This  fascia  is  split  along  the  whole  external  incision  down  to  the  muscu* 
lar  fibres  going  over  from  the  levator  ani  muscle  into  the  longitudinal 
fibres  of  the  rectum  above  the  internal  sphincter  (Fig.  562).     The  under- 
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lying  pararectal  adipose  tissue  appears  then.  Kraake's  method  differs 
from  Kocker's  only  in  this,  that  a  piece  of  the  sacrum  is  removed  in  addi- 
tion to  the  coccyx:  the  soft  parts  are  detached  from  both  sides  of  the 
bone,  a  notch  is  cut  laterally  into  the  greater  and  lesser  sacro-sciatic  liga- 
ments up  to  about  their  middle  and  a  part  of  the  sacrum  (up  to  the  third 
internal  sacral  foramen)  is  chiselled  away,  either  only  on  one  side  (Krtiake) 
or  transversely  (Bardenkeuer)  or  along  a  curve  convex  upward  (Hoche- 
negg).    The  sacral  artery  remains  imbedded  in  the  fascia  and  care  ought 
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to  be  taken  not  to  injure  it  during  the  chiselling  of  the  bone,  because, 
should  it  be  then  wounded,  it  would  retract  far  upward,  and  considerable 
difficulty  might  be  experienced  in  securing  and  ligating  it.  If  the  carci- 
noma extends  so  far  down  that  the  anal  segment  and  the  anus  must  be 
removed,  we  then  make  an  elliptical  incision  all  around  the  anus  about 
li  inches  distant  from  the  external  anal  orifice,  suture  the  skin  with  strong 
silk  and  begin  at  the  lower  end  the  detachment  which  becomes  then  ex- 
tremely easy ;  keeping  as  close  as  possible  to  the  rectum,  we  sever  one 
after  the  other  the  connections  between  the  latter  and  the  bulbo-cavemous 
muscle,  the  membranous  part  of  the  urethra,  the  prostate,  seminal  vesi- 
cles and  bladder,  up  to  the  peritoneal  cul-de-sac;  all  bloodvessels  en- 
countered in  the  operative  field  being  carefully  ligated.  To  this  effect, 
the  rectum  is  drawn  backward :  thus  the  connections  between  the  bowel 
and  the  above-mentioned  organs  are  put  upon  the  stretch  and  it  becomes 
easy  partly  to  break  them  bluntly  and  partly  to  cut  them  with  sharp  in- 
struments. We  must  keep  to  the  rectal  side  and  outside  of  the  fascia  in 
which  those  structures  are  wrapped;  thus  we  shall  not  be  compelled  to 
introduce  into  the  urethra  a  hard  catheter  to  serve  as  a  guide.  Do 
not  waste  time  trying  to  spare  the  peritoneal  fold  in  Douglas'  space. 
Rather  go  straight  and  early  to  it  and  incise  it  transversely  from  one  side 
to  the  other,  close  to  the  rectum,  and  fasten  securely  in  forceps  the 
anterior  peritoneal  edge.  If  we  now  pull  the  rectum  directly  downward, 
we  stretch  behind  it  the  two  peritoneal  folds  which  ascend  obliquely 
upward  and  backward  along  the  lateral  surface  of  the  rectum  to  rejoin 
each  other  behind  it,  and  which  contain  the  two  terminal  branches  of  the 
upper  hemorrhoidal  artery.  These  stretched  cords  are  cut  layer  after 
layer  after  double  ligation,  care  being  taken  to  keep  as  near  the  sacral 
concavity  as  possible.  If  we  feel  the  vigorously  pulsating  trunk  of  the 
superior  hemorrhoidal  artery,  we  may  follow  it  up  and  ligate  it  as  high 
as  possible.  In  extensive  carcinoma,  the  gut  is  freed  till  the  pelvic  colon 
can  easily  be  displaced  down  to  the  anal  region.  Then  the  peritoneum  is 
sutured  with  interrupted  stitches,  all  around  and  indeed  quite  high,  to 
the  peritoneal  cover  of  the  lowered  sigmoid  flexure;  this  closes  completely 
the  peritoneal  cavity  in  which  there  is  no  need  of  placing  a  packing, 
since,  so  far,  the  operation  has  been  wholly  aseptic.  The  healthy  part  of 
the  rectum  is  sutured  to  the  outer  skin  incision  exactly  as  said  above  on 
page  581.  The  wound  also  is  sutured  as  said  above,  after  a  thick  iodoform 
gauze  wick  has  been  introduced  on  each  side  in  the  depth  as  far  as  the 
peritoneal  suture.  Now  only,  the  rectum  is  divided  transversely  layer 
after  layer  at  least  an  inch  above  the  tumor,  and  sutured  to  the  skin 
wound.  Often  it  is  preferable  not  to  suture  the  rectal  stump  in  the  anal 
region,  but  in  the  coccygeal  or  sacral  region — that  is,  higher — especially  if 
there  is  much  tension;  there  is  absolutely  no  reason  to  insist  on  always 
lowering  the  rectum  down  to  the  normal  orifice,  as  ever,  then  continence 
cannot  be  guaranteed  any  better  since  the  sphincter  is  missing.  Gersuny 
tried  to  secure  continence  after  amputation  of  the  rectum  by  twisting  the 
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rectal  or  colic  stump  180°  around  its  axis  before  suturing  it  to  the  skin. 
Wited  thinks  continence  may  be  insured  by  makinfr  an  anus  through  the 
gluteal  muscles:  he  makes  a  suiHciently  long  longitudinal  incision  an  inch 
or  so  distant  from  one  of  the  edges  of  the  wound,  separates  by  dull  dis- 
section the  fibres  of  the  gluteus  maximus,  delivers  the  tumor  together 
with  the  colon  through  the  said  skin  incision,  and  sutures  there  the  rec- 
tum after  dividing  it  one  layer  after  the  other.  All  these  artifices  give 
at  most  a  relative  continence  (i.e.,  for  solid  feces). 

If  the  anal  portion  can  be  saved,  if  consequently  the  operation  becomes 
a  remection  of  the  rectum,  the  technique  is  still  further  complicated. 
After  resecting  the  coccyx  or  sacrum,  and  dividing  the  connective  tissue 
filling  the  hollow  of  the  sacrum,  the  outer  surface  of  the  rectum  is  pru- 
dently liberated  all  around  by  the  finger  while  the  bloodvessels  imbedded 
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in  the  there  existing  fatty  tissue  are  immediately  clamped  and  doubly 
ligated.  We  try  to  reach  as  soon  as  possible  the  peritoneal  fold,  first  on 
one  side,  then  on  the  other,  open  it,  and  first  mobilize  the  rectum  or  pel- 
vic colon  upward.  To  this  effect,  as  soon  as  the  peritoneal  fold  is  seen, 
we  incise  it  transversely  near  the  rectum,  fasten  the  edges  (Fig.  563), 
divide  it  across  the  whole  retrovesical  pouch  from  one  side  to  the  other, 
so  that  at  that  level  we  can  pass  a  finger  around  the  rectum  and  thereby 
push  the  peritoneal  fold  in  the  operative  field.  Next  comes  the  freeing 
of  the  lower  part  of  the  rectum  from  above  downward  in  such  a  manner 
that  the  bladder  and  seminal  vesicles  are  the  first  organs  separated  from 
the  bowel,  and  the  prostate  the  next.  The  liberation  upward  and  the  deliv- 
ery through  the  wound  are  executed  just  in  the  manner  described  above. 
If  the  tumor  is  freely  enough  movable  to  let  the  upper  end  be  telescoped 
through  the  anal  portion,  the  peritoneum  (see  Fig.  564)  is  completely 
closed  with  an  interrupted  suture.  With  Rocker's  coccygeal  method,  the 
sigmoid  flexure  may  be  exposed  up  to  6  or  even  8  inches  above  Douglas' 
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cul-de-sac,  and  drawn  downward.  Then  the  bowel  is  grasped  an  inch  above 
the  uppermost  limit  of  the  newgrowth  between  two  Kocher  intestinal 
crushers  (Fig.  504,  page  524)  and  divided  between  the  two  with  the  actual 
cautery.  The  crushers  must  be  applied  as  much  as  possible  in  a  frontal 
and  not  in  a  sagittal  direction.  The  same  procedure  is  repeated  below 
the  tumor  which  is  thus  excluded  from  the  continuity  of  the  rectum. 
Both  ends  of  the  latter,  still  kept  closed  by  the  crushers,  are  now  approxi- 
mated on  the  ventral  side  by  a  few  catgut  stitches  biting  not  too  deeply 


into  the  walls,  while  said  ventral  side  is  brought  directly  in  front  of  the 
operator  by  an  assistant  who  rotates  the  forceps  around  their  long  axis. 
Then  the  latter  are  taken  away,  the  lumen  of  the  bowel  is  opened  after 
iodoform  or  dry  sterile  gauze  has  been  tucked  under  it  on  both  sides  to 
protect  the  surface  of  the  large  wound.  Both  rectal  ends  are  forthwith 
well  cleaned  with  sponges  mounted  on  forceps  and  moistened  with  lysol 
or  lusoform  solution.  Then  we  make  an  internal  muco-muscular  inter- 
rupted suture,  first  on  one  side,  the  ends  of  the  thread  of  which  are  left 
long  to  be  used  as  traction  loops,  while  the  opposite  rectal  wall  is  held 
with  two  clamps  and  drawn  so  as  to  change  the  lumen  of  the  gut  into  a 
transversal  slit  (Fig.  565).     The  stitches  must  not  be  too  nearoneanother 
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in  order  not  to  impair  the  nutrition  of  the  bowel.  Finally,  we  make  a 
dorsal  musculo-mucous  suture  with  infolding  of  the  muscular  coat  and 
over  it,  whenever  possible,  a  musculo-muscular  burying  suture.  It  is 
well  to  use  for  these  sutures  silk  or  slow  resorbable  catgut  (dry  iodin 
catgut)  as  ordinary  catgut  frequently  andergoet  dinolutton  mtKh  too 


rapidly.  A  thick  drainage-tube,  well  smeared  with  some  fatty  salve,  is 
inserted  (see  Fig.  566)  upward  to  the  line  of  suture  in  the  rectal  waJIs. 
An  iodoform  gauze  packing  is  laid  on  both  sides  of  the  rectal  stump,  but 
not  directly  over  the  line  of  suture.  Suture  of  the  large  wound  with  deep 
silk  stitehes.    Part  of  tiie  wound  above  or  below  the  suture  remains  open. 


Fig.  566. 


Transversal  reunion  of  this  type  after  resection  of  the  rectum  has 
fallen  deeply  into  discredit  because  very  frequently  insufficiency  of  the 
suture,  leakage  of  fecal  matter,  and  severe  phlegmons  of  the  soft  parts 
were  observed  after  its  use.  Intractable  sinuses  were  not  uncommon  either, 
80  that  the  feces  went  through  the  fistula  and  not  through  the  preserved 
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anus.  (It  need  not  be  said  that  as  soon  as  leakage  of  feces  and  thermic 
ascensions  are  detected,  the  wound  must  be  immediately  reopened  to  pro- 
vide a  free  outlet  for  the  fecal  matter  and  the  wcrtind  secretions.)  As 
insufficiency  of  the  suture  is  caused  chiefly  by  pressure  of  scybala  within 
the  bowels,  the  preliminary  establishment  of  an  artificial  anus  on  the 
sigmoid  flexure  previous  to  the  resection  is  undoubtedly  a  very  rational 
procedure,  well  calculated  to  better  the  results  of  resection  of  the  rectum. 
Schlange  advocates  making  such  an  artificial  anus  on  the  left  side  one  or 
two  weeks  before  the  resection  proper  and  thoroughly  cleaning  the  lower 
intestinal  segment  by  irrigating  it  through  the  colostomy  opening  which 
is  closed  subsequently,  in  the  manner  described  on  page  564,  by  a  second 
operation  after  complete  healing  of  the  resection  incisions  in  the  rectum. 


Many  systematically  apply  this  method  in  high  rectal  carcinomata  and 
take  advantage  of  the  abdominal  incision  made  for  establishing  the  arti- 
ficial anus  to  inspect  and  palpate  the  tumor  through  the  abdomen  at  the 
time  the  colostomy  is  made. 

Hockenegg  has  altogether  dropped  the  method  of  resection  with  trans- 
verse suture  in  favor  of  his  invagination  process  which  aims  at  making 
the  circular  suture  easier  of  execution  and  transferring  outside  of  the 
wound  cavity  all  manipulations  necessary  for  said  suture.  To  this  effect 
the  anal  portion  of  the  rectum  is  turned  inside  out  after  dilatation  of  the 
sphincter.  The  anal  end  of  the  bowel  is  clamped  with  two  Kocher  intes- 
tinal crushers,  divided  between  the  two  with  the  cautery  blade,  the  cen- 
tral end  is  firmly  encircled  with  a  very  stout  silk  thread,  the  peripheral 
end  is  opened,  tiioroughly  wiped,  after  dilatation  of  the  sphincter,  with 
lusoform-moistened  gauze  sponges,  and  through  its  edges  are  passed 
three  or  four  strong  silk  loops,  which  are  tied  all  together.  The  result- 
ing knot  is  grasped  with  a  dressing  forceps  introduced  through  the  anus 
(Fig.  567,  on  the  left)  and  the  lower  end  is  drawn  outside  so  that  its 
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mucosa  is  turned  inside  out  By  means  of  the  circular  temporary  ligature 
on  the  central  end  below  the  tumor,  the  whole  rectum  together  with  the 
growth  is  telescoped  through  the  anal  segment,  so  that  the  upper  limit  of 
the  tumor  comes  about  an  inch  below  the  edge  of  the  anal  mucosa.  Then 
the  bowel  is  opened  for  a  short  length  above  the  tumor  and  the  oral  edge 
is  immediately  sutured  with  interrupted  stitches  with  the  margin  of  the 
anal  portion.  By  progressively  cutting  and  suturing  the  whole  circum- 
ference of  the  bowel,  a  complete  removal  of  the  part  carrying  the  growth 
is  effected.  This  method  is  Kocher*8  modification  of  Hochenegg's  tech- 
nique. Hochenegg  originally  divided  the  rectum  above  the  tumor,  that 
is,  he  removed  the  latter  before  telescoping  into  the  anal  segment,  and 
approximated  both  ends  as  shown  in  Fig.  567,  on  the  right.  Once  the 
sutures  are  completed,  gentle  pulling  on  the  oral  segment  easily  reduces 
it  upward  through  the  anal  ring. 

As  this  invagination  method  also  implies  a  circular  suture  which  is 
not  altogether  reliable,  Hocheneyg  tries  to  avoid  completely  having  this 
unsafe  suture  in  the  wound  by  modifying  his  procedure  as  follows: 
In  his  later  technique,  as  in  the  first  invagination  method  just  explained, 
after  complete  detachment  of  the  intestinal  segment  to  be  excised,  the 
anal  portion  is  turned  inside  out  and  its  whole  mucosa  is  removed  up  to 
the  cutaneous  margin  of  the  anus.  The  central  portion  of  the  bowel  is 
drawn  down  through  the  thus  avived  anal  ring  and  sutured  to  the  skin 
around  the  anus.  In  addition,  a  second  row  of  sutures  made  through  the 
wound  unites  the  outer  surface  of  the  upper  segment  with  the  upper  cir- 
cumference of  the  anal  portion.  Judging  from  his  description,  Kocher 
leaves  in  place  the  anal  mucosa,  incises  it  all  around  at  its  point  of  junc- 
tion with  the  skin,  telescopes  the  upper  end  through  the  lower,  stitches 
it  to  the  skin  and  adds  a  second  row  of  sutures  level  with  the  upper  cir- 
cumference of  the  anal  segment.  It  has  also  been  attempted  to  prevent 
the  oral  end  from  slipping  back  through  the  anal  by  placing  there  a 
big  Murphy  button.  The  large  dorsal  wound  is  only  partly  closed,  the 
remainder  packed  with  strips  of  iodoform  gauze. 

DorsO'Abdominal  Methods. — The  operative  technique  in  which  the 
growth,  together  with  the  pelvic  colon  and  sigmoid  flexure,  is  first  freed 
down  to  Douglas'  pouch  through  a  laparotomy  incision,  and  then  com- 
pletely exposed  by  Kocher's  coccygeal  or  Kruske'a  sacral  methods,  was 
proposed  by  Volkmann  and  first  carried  out  by  Koenig  in  two  cases,  with 
an  unfavorable  outcome  in  each  of  them  however.  Recently,  besides 
Kraske  himself,  Schloffer,  Rotter^  Manasse,  and  others,  have  come  out 
strongly  in  favor  of  this  method.  It  cannot  be  gainsaid  that  the  latter  has 
very  many  good  points,  because  it  permits  freeing  under  the  control  of  the 
eye  a  growth  situated  high  intraperitoneally,  and  thus  affords  better  pros- 
pects of  removing  diseased  lymphatic  glands  and  of  preserving  indispen- 
sable vascular  anastomoses.  The  extraordinarily  bad  results  which  were 
obtained  at  first  with  this  method  were  caused  chiefly  by  sloughing  of  the 
pelvic  colon  and  of  the  lowest  part  of  the  sigmoid  flexure  and  are  trace- 
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able  to  a  lack  of  knowledge  of  the  blood-supply  of  both  these  important 
segments  of  the  large  bowel.  In  all  likelihood,  results,  already  much 
better,  will  still  improve  considerably,  if  the  rules  laid  down  further  be- 
low are  strictly  obeyed,  though  the  operation  is,  per  se,  formidable. 

In  earlier  times,  Kraske  laid  great  stress  on  this  point,  namely  that 
the  abdominal  steps  of  the  operation,  that  is,  the  mobilization  of  the 
growth  be  carried  out  without  the  bowel  being  opened,  but  later  he  receded 
somewhat  from  his  position.  We  make  a  skin  incision  as  for  an  artificial 
anus  on  the  sigmoid  flexure,  the  pelvis  being  strongly  elevated.  This 
incision  may  be  lengthened  at  will  medianward.  The  abdomen  being 
opened,  Kraske  advises  to  fasten  the  omentum  to  the  abdominal  wound  by 
means  of  a  clamp  or  of  a  temporary  stitch,  so  as  not  to  let  it  glide  too 
much  toward  the  diaphragm  (one  of  his  patients  died  from  torsion  of  the 
transverse  colon).  The  intestines  are  pushed  out  of  the  way  in  the  upper 
abdomen,  and  covered  with  large  gauze  pads.  Should  the  tumor  then 
prove  inoperable,  the  incision  can  be  used  to  make  the  artificial  anus. 
But  if,  once  the  abdomen  is  opened,  extirpation  seems  still  feasible, 
detachment  of  the  gut  is  proceeded  with  above  the  incision  and,  accord- 
ing to  Kraske,  the  first  step  ought  to  be  ligation  of  the  superior  hemor- 
rhoidal artery. 

It  will  be  useful  to  sum  up  briefly  here  Manasse^s  work  on  the  blood- 
supply  of  the  sigmoid  flexure  and  pelvic  colon.  The  inferior  mesenteric 
artery  (see  Fig.  568)  first  sends  off  the  left  colic  artery  which  subdivides 
into  an  ascending  and  a  descending  branch,  and  widely  inosculates 
through  an  important  arterial  link  with  the  middle  colic  (arising  from 
the  superior  mesenteric)  while  thS  descending  branch  communicates 
through  a  marginal  loop  with  the  sigmoid  arteries  which  arise  from  the 
inferior  mesenteric  just  below  the  origin  of  the  left  colic  artery.  The 
trunk  of  the  inferior  mesenteric  artery  continues  then  for  a  short  length 
until  the  origin  of  the  sigmoidea  ima  and  thence  downward  is  named 
superior  hemorrhoidal.  These  two  latter  arteries,  sigmoidea  ima  and 
superior  hemorrhoidal  are  not  connected  together  by  any  marginal  loop. 
If  therefore  we  divide  these  arterial  branches  (see  Fig.  568,  A)  below  the 
origin  of  the  sigmoidea  ima,  in  /,  the  vascular  supply  of  the  pelvic  colon 
becomes  deficient  and  sloughing  must  be  feared.  If  we  sever  the  artery 
in  r  and  ligate  on  each  side,  the  blood  can  still  pass  from  the  middle  sig- 
moid artery  through  the  marginal  loop  into  the  ima  and  thence,  following 
a  recurrent  course,  into  the  trunk  of  the  superior  hemorrhoidal.  Ck)nse- 
quently,  we  must  ligate  the  inferior  mesenteric  in  a  point  central  to  the 
origin  of  the  sigmoidea  ima.  But  these  relations  of  the  ima  and  superior 
hemorrhoidal  are  not  always  constant.  In  Fig.  568,  B  and  C  illustrate 
important  varieties,  and  dotted  lines  in  them  show  where  we  must  sever 
the  arteries  not  to  put  in  jeopardy  the  blood-supply  of  the  flexure  through 
the  marginal  loop.  In  those  cases,  the  incision  of  the  mesosigmoid  must 
also  be  carried  much  farther  back  near  its  root  than  we  generally  have  a 
tendency  to  do.    To  perform  this  step  correctly,  the  sigmoid  flexure  must 
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be  first  well  unfolded.  The  initial  segment  of  the  flexure  and  of  the 
meaosigmoid  are  fairly  regularly  adherent  everywhere  to  the  peritoneum 
of  the  left  iliac  fossa  and  only  in  rare  instances  do  they  appear  entirely  free. 
These  membranous  adhesions  of  the  flexure  must  be  broken,  which 
is  generally  easily  effected  by  gentle  traction,  or  by  means  of  a  Kocher 
dissector.    To  get  quickly  our  bearings  as  to  the  anatomical  disposition  of 
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the  arteries,  Manaase  advises  to  proceed  as  follows:  The  trunk  of  the 
inferior  mesenteric  artery,  which  arises  from  the  anterior  aspect  of  the 
aorta  on  a  level  with  the  second  or  third  lumbar  vertebra  and  descends 
on  the  left  side  of  the  aorta,  sends  oif  the  left  colic  artery  at  the  limit 
between  the  third  and  fourth  lumbar  vertebrje,  that  is,  close  to  the  bifur- 
cation of  the  aorta  into  both  common  iliac  arteries.  In  the  high  pelvic 
inverted  position,  this  point  is  very  readily  accessible  to  the  eye  and 
finger.  From  this  point,  we  follow  the  lower  ramus  of  the  left  colic 
artery,  or  the  colosigmoid  artery  that  sometimes  takes  its  place  (see  Fig. 
568.  Band  O,  which  goes  toward  the  fnitial  portion  of  the  sigmoid  flexure, 
follows  the  inner  border  of  the  left  psoas  muscle  and  accompanies  the 


592  SURGERY  OF  THE  ABDOMEN 

margrinal  loop  of  the  sigmoid  flexure  from  the  iliac  fossa  to  the  midline 
of  the  pelvis,  that  is,  to  the  trunk  of  the  inferior  mesenteric  in  front  of 
the  promontory.  Thereby  we  gain  information  as  to  the  number,  dispo- 
sition, and  situation  of  the  arcades  of  the  marginal  loops.  The  last  arch 
formed  by  the  sigmoidea  ima  is  excepted  because  in  most  cases  it  arises 
in  the  depth  of  the  sacral  hollow  (on  a  level  with  the  first  or  second  sacral 
vertebrae)  from  the  inferior  mesenteric  artery  which  lies  close  in  front 
of  it  In  those  cases  in  which  the  peculiarities  of  the  marginal  loops  can 
be  ascertained  satisfactorily,  the  centripetal  direction  of  the  incision  in 
the  mesosigmoid  and  the  site  of  ligation  are  easily  deducted ;  but  if,  owing 
to  fatty  infiltration  of  the  mesosigmoid,  or  to  any  other  reason,  there 
remains  an  uncertainty  about  the  anatomical  relations  of  the  loops,  keep 
to  the  root  of  the  mesosigmoid,  ligate  doubly  the  inferior  mesenteric  near 
the  fifth  lumbar  vertebra,  sever  it,  and  unfold  the  mesosigmoid  not  by 
transverse,  but  by  radiating  incisions  parallel  with  the  lower  branch  of 
the  left  colic  artery.  The  course  of  the  latter  is  easily  determined ;  it 
must  be  spared  at  any  cost,  while  ligation  of  the  intermediate  sigmoid 
arteries  does  not  matter.  Particularly  when  they  are  short  and  hinder 
the  descent  of  the  fiexure,  these  sigmoid  arteries  must  be  sacrificed.  If 
the  fiexure  is  in  this  way  mobilized  as  far  as  is  necessary,  there  is  no 
difficulty  in  incising  transversely  from  above  the  peritoneum  in  Douglas' 
space  and  to  lengthen  the  incision  to  the  root  of  the  pelvic  mesocolon, 
and  in  separating  bluntly  the  rectum,  also  from  above,  from  the  concavity 
of  the  sacrum. 

More  recently,  Kraske  modified  slightly  his  modvs  operandi;  he  now 
begins  by  dividing  the  bowel  above  the  tumor.  The  intestinal  contents 
are  thoroughly  squeezed  out  by  digital  pressure,  the  large  intestine  is 
doubly  ligated  above  the  growth  with  strong  silk,  and  cut  between  the 
ligatures  with  the  cautery.  The  upper  segment  of  bowel,  the  ligature 
on  which  is  left  long  to  be  used  later  as  a  traction  loop,  is  wrapped  in 
gauze  and  securely  fastened  in  the  outer  angle  of  the  abdominal  wound: 
the  knot  of  the  ligature  on  the  lower  segment  is  invaginated  and  buried 
so  that  leakage  from  said  segment  cannot  occur.  If  now  we  draw  strongly 
this  lower  segment  toward  the  symphysis,  we  put  upon  the  stretch  the 
mesosigmoid  which  then  can  be  ligated.  The  further  steps  of  liberation 
are  carried  on  as  described  above.  In  every  case  it  is  advisable,  as  already 
said,  not  to  divide  the  bowel  before  severing  the  inferior  mesenteric 
artery.  After  being  freed  carefully,  the  lower  intestinal  stimip  is  pushed 
down  into  the  true  pelvis  which  is  well  packed  all  around  with  gauze, 
and  then  follows  the  exposure  of  the  lower  rectal  segment  through  the 
dorsal  route,  which  is  easily  effected  by  any  of  the  above-mentioned 
methods,  coccygeal,  sacral,  or  even  also  parasacral.  Kraske  selects 
habitually  the  latter;  that  means,  he  leaves  the  coccyx  and  sacrum  un- 
touched and  cuts  only  the  lower  half  of  the  tuberoso-  and  spinoso-sacral 
ligaments.  The  sacral  part  of  the  operation  must  be  conducted  with  the 
patient  lying  on  his  right  side.    The  oral  end  of  the  intestine  divided 
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above  the  growth  is  dragged  down,  and  the  rectum  severed  in  sound 
tissue  below  the  same  growth.  Then,  by  pulling  cautiously  on  the  trac- 
tion loop  of  the  upper  end,  the  surgeon  brings  the  latter  down  through 
the  peritoneal  slit  of  Douglas'  pouch :  the  peritoneum  is  completely  sutured 
all  around  the  peritoneal  coat  of  the  upper  segment,  and  both  ends  are 
approximated  either  transversely,  or  by  Hochenegg's  simple  or  modified 
invagination  methods. 

QiiSnu's  method  of  extirpation  of  the  rectum  consists  in  a  complete 
removal  by  the  dorso-abdominal  route  of  the  whole  lower  part  of  the  sig- 
moid flexure  and  of  the  rectum  together  with  the  anal  segment,  followed 
by  implantation  of  the  central  colic  stump  into  the  abdominal  wall. 

Indications  of  These  Different  Methods 

Carcinoma  of  the  anal  segment,  especially  when  implicating  the  anus 
itself,  is  operated  on  by  lA^ranc's  method  of  amputation.  If  the  growth 
extends  somewhat  farther  upward  while  the  sphincteric  portion  is  abso- 
lutely and  beyond  doubt  healthy,  we  can  use  Rehn's  operation  which  saves 
the  sphincters,  or  the  vaginal  method ;  but  we  shall  often  be  obliged  to 
add  a  dorsal  incision  to  the  perineal.  In  all  cases  of  freely  mobile  carci- 
noma of  the  rectal  ampulla,  the  upper  limit  of  which  may  easily  be  reached 
with  the  finger,  we  give  preference  to  Kocher's  coccygeal  method;  we 
bring  the  rectum  down  and  stitch  it  to  the  outer  skin  using  Hochenegg's 
modified  invagination  technique.  If  both  the  anal  segment  and  the  lowest 
portion  of  the  ampulla  are  altogether  uninvolved,  and  the  upper  limit  of 
the  neoplasm  can  still  be  reached  with  the  finger ;  furthermore,  if  biman- 
ual palpation,  if  need  be  under  general  anesthesia,  shows  the  growth  to 
be  still  well  movable,  Kocher's  coccygeal,  or  Kraske'a  sacral  method,  with 
transversal  suture  of  the  bowel  or  with  Hochenegg^s  invagination  technique 
may  be  selected.  In  cases  of  carcinoma  requiring  for  their  study  procto- 
sigmoidoscopy, extirpation  by  the  dorso-abdominal  operation  is  the  best 
way.  Extirpation  in  toto  of  the  rectum  together  with  the  pelvic  colon  is 
indicated  only  in  tumors  involving  this  whole  region. 

If  adhesions  of  the  growth  to  the  bones  or  to  a  large  area  of  the 
bladder-wall,  or  metastases  in  distant  organs  are  present,  we  do  not 
operate  radically  any  longer,  but  are  content  with  making  an  artificial 
anus  when  there  is  marked  ulceration  and  stenosis.  But  let  us  refrain 
from  being  too  prone  to  grant  an  artificial  anus,  because  the  latter  can 
put  the  patient  in  a  very  distressing  and  uncomfortable  condition  and  we 
sometimes  see  patients  with  large  ulcerated  rectal  cancers  survive  for 
years.  Adhesions  with  the  uterus,  partial  adhesions  with  the  vagina  or 
prostate  do  not  necessarily  entail  inoperability,  but  render  imperative 
combinations  of  the  abdominal  with  the  perineal  and  dorsal  techniques. 

The  combined  abdomino-dorsal  method  works  also  very  satisfactorily 
in  extensive  syphilitic  or  ulcerated  tuberculous  lesions.  The  dorsal  ap- 
proach alone  will  hardly  ever  lead  with  certainty  to  the  goal  in  such  cases. 
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Post'Operative  Treatment  of  Amputations  or  ResectiertM  of  the 
Rectwn. — The  patients  are  laid  on  the  side  with  the  upper  part  of  the 
body  slightly  raised;  the  dorsal  recumbent  position  is  not  well  tolerated 
in  most  cases.  To  avoid  bed-sores,  care  is  taken  to  switch  regularly  the 
patient  from  the  right  to  the  left  side.  During  the  first  days,  the  patients 
receive  only  fluids,  and  even  as  sparingly  as  possible.  Their  need  of 
liquids  is  met  by  saline  infusions,  given  intravenously  if  severe  anemia 
be  present  The  bowels  are  kept  at  complete  rest  for  a  few  days  by  small 
doses  of  tincture  of  opium.  It  goes  without  saying  that,  should  fever 
develop,  the  wound  must  be  reopened  widely  enough  to  let  the  secretions 
out  In  case  of  leakage,  it  is  better  to  enlarge  the  intestinal  opening  by 
splitting  the  bowel  a  little  on  both  sides  in  order  to  avoid  disunion  of  the 
whole  line  of  sutures.  The 
3  voiding  of  urine  must  be  dili- 

gently watched,  especially 
when    Kraake's   method    has 
been  used,  because  of  possible 
injury  to  the  anterior  branches 
of  the  sacral  nerves.    If  the 
patients  do  not  urinate  spon- 
taneously, they  must  be  cathe- 
terized  two  or  three  times  a 
day  under  scrupulous  observ- 
ance of  the  most  rigid  rules 
of  asepsis.     Hochenegg  advo- 
cates placing  at  the  very  beginning  an  indwelling  catheter  in  all  men 
who  do  not  pass  urine  spontaneously,  and  to  remove  it  only  when  the 
condition  of  the  wound  seems  most  satisfactory. 

Post-operative  hemorrhage,  severe  wound  infections,  iodoform  poison- 
ing will  be  prevented  by  choosing  for  ligatures  good  iodin  catgut  or  thin 
sublimate  silk,  opening  the  gut  only  at  the  end  of  the  operation,  and 
parsimoniously  using  of  iodoform  gauze.  Rotter  believes  he  had  better 
results  after  amputation  of  the  rectum  since  he  adopted  the  practice  of 
changing  several  times  his  rubber  gloves  during  the  operation.  As 
occlusive  appliance  for  a  sacral  anus,  that  devised  by  Hochenegg  (see  Fig. 
569)  proves  very  serviceable. 

Treatment  of  Hemorrhoid: — To  remove  piles,  we  use  most  frequently 
V.  Lartgenbeck'a  clamp  and  cautery  method.  To  prepare  the  patient  we 
administer  cathartics  during  the  two  or  three  previous  days.  The  even- 
ing before  operation,  an  enema  is  given,  then  15  grains  of  bismuth  sub- 
nitrate  ;  next  morning.  10  drops  of  tincture  of  opium.  The  operation  may 
very  well  be  performed  under  local  anesthesia.  The  anal  portion,  accord- 
ing to  Braun,  is  anesthetized  in  the  following  way ;  A  little  less  than  an 
inch  from  the  external  anal  orifice,  we  make  four  lumps  with  some  i% 
novocain-suprarenin  solution  (Solution  I)  one  before,  one  behind,  one  on 
the  right  side,  one  on  the  left.     From  these  points,  we  infiltrate  the  skin 
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situated  between  them;  then  we  introduce  the  left  forefinger  in  the  anus, 
and,  through  one  of  the  primary  lumps,  drive  the  needle  vertically  in  the 
depth  through  the  sphincters  and  inject  uninterruptedly,  always  pushing 
the  needle  deeper  until  we  feel  the  point  above  the  anal  ring  beneath  the 
mucosa  of  the  rectum.  The  same  is  repeated  from  each  one  of  the  other 
primary  lumps.  While  the  inRltration  is  going  on,  the  finger  feels  dis- 
tinctly how  relaxation  sets  in  progressively,  so  that,  finally,  the  anal 
opening  gaps  widely  almost  spontaneously  and  stretching  can  be  executed 
without  causing  any  pain.  After  a  thorough  stretching  of  the  sphincter, 
the  separate  venous  tumors  are  grasped  with  Luhr's  hemorrhoidal  clamp 
(Fig.  570,  L)  in  such  a  way  that  part  of  the  anal  mucosa  slightly  drawn 


Fig.  670. 


Fig.  571.— i  nat  s 


forward  forms  a  radiating  fold.  But  strong  pulling  on  the  anal  mucosa 
is  strictly  forbidden,  as  otherwise  too  much  mucosa  would  be  destroyed 
and  strictures  of  a  most  unpleasant  kind  would  ensue.  Burning  more 
than  4  or  5  hemorrhoidal  tumors  in  one  sitting  is  not  devoid  of  danger. 
The  tumors  are  then  secured  directly  behind  the  forceps  with  Langenbeck's 
flat  blade  clamp  (Fig.  571).  The  latter  has  the  disadvantage  that  both 
blades  do  not  clamp  in  strictly  parallel  direction.  This  is  why  we  gener- 
ally have  used  of  late,  to  clamp  hemorrhoids,  Jones'  forceps,  the  blades  of 
which  open  and  close  parallel  (Fig.  570,  J),  and  which,  besides,  provides 
as  underlying  surface  an  ivory  plate  which  prevents  transmission  of  heat 
and  avoids  bums  of  the  surrounding  skin  during  the  use  of  the  Paquelin 
cautery  with  more  certainty  than  is  possible  to  have  with  the  older  ixin- 
genheck  model.    Under  the  clamp  is  laid,  as  an  additional  protection  for 
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the  skin,  a  gauze  strip  moistened  with  boric  acid  or  saline  solution ;  then 
everything  protruding  above  the  clamp  is  burned  off  and  the  eschar  rubbed 
with  iodoform.  The  clamp  is  slowly  opened  and  the  charred  stump 
allowed  to  slide  away  from  it  This  being  done  on  the  previously  grasped 
tumors,  the  others  are  injected  by  means  of  a  very  fine  Pravaz  needle 
with  carbolized  glycerin  (equal  parts  of  liquid  carbolic  acid  and  glycerin), 
each  tumor  receiving  at  the  most  one-tenth  of  the  syringe.  Great  care 
must  be  taken  not  to  let  the  very  caustic  liquid  trickle  directly  on  the 
anal  mucosa.  After  this  treatment,  the  tumors  swell  at  first,  become 
thrombotic,  and  finally  shrink.  A  thick  drain  wrapped  in  iodoform  gauze 
and  well  lubricated  with  a  fatty  salve  is  pushed  upward  to  the  rectal 
ampulla,  its  lower  end  projecting  li  or  2  inches  below  the  anus.  After 
the  operation,  the  patient  receives  a  suppository  with  li  grains  of  pure 
opium.  The  bowels  are  moved  by  a  glycerin  enema  only  on  the  fourth 
or  fifth  day ;  the  patient  must  stay  in  bed  about  two  weeks. 

Ligation  of  the  hemorrhoidal  tumors  is  another  frequently  used 
method:  the  tumors  are  grasped  in  the  way  described  previously,  and 
dragged  down,  their  base  is  transfixed  with  a  long  silk  thread  which  is 
carried  around  one-half  of  the  pedicle,  then  around  the  whole  same 
pedicle  and  firmly  tied.  Whatever  projects  beyond  the  ligature  under- 
goes necrosis  and  is  eliminated  after  six  or  seven  days. 

To  spare  as  much  as  possible  the  mucosa,  Baumg&rtner  performs 
excision  of  the  dilated  hemorrhoidal  veins  (method  of  Whitehead- 
Sendler)  in  the  following  manner:  Each  separate  venous  varix  is  drawn 
downward  by  traction  exerted  on  the  outer  skin.  Then  the  skin  and 
mucosa  covering  the  venous  ectasis  is  split  over  the  latter  in  the  direction 
of  the  anus  and  as  far  as  need  be,  by  means  of  fine  curved  and  pointed 
scissors.  Should  the  mucosa  be  ulcerated  and  adherent  to  the  pile,  the 
spot  must  be  surrounded  as  closely  as  possible  by  an  elliptical  incision 
and  the  mucosa  excised  together  with  the  adhering  hemorrhoid.  At  the 
same  time  such  flaps  of  outer  redundant  skin  are  removed  as  are  neces- 
sary to  bring  the  line  of  suture  to  coincide  exactly  with  the  line  of  incision 
directed  just  toward  the  centre  of  the  anus.  Through  the  longitudinal 
incision,  the  coil  of  veins  is  peeled  off  and  the  afferent  and  efferent  veins 
are  ligated  in  the  submucous  tissue  with  fine  catgut.  A  continuous  cat- 
gut suture  of  the  mucosa  is  then  made,  beginning  in  the  upper  angle  of 
the  incision  and  taking  in  the  mucosa  and  submucosa.  A  thick  drain 
wrapped  in  iodoform  gauze  is  introduced  through  the  anus:  after  the 
fifth  or  sixth  day,  begin  massaging  the  mucosa  with  a  finger  lubricated 
with  cocain  ointment. 

Fistula  in  Ano.— After  preparing  the  patient  for  many  days  with 
purgatives,  local  anesthesia  is  induced,  as  said  above  on  page  594  about 
hemorrhoid  operations;  the  left  index  finger  is  introduced  in  the  anus,  a 
knobbed  grooved  director  is  insinuated  in  the  external  opening,  and  made 
to  follow  the  whole  course  of  the  tract;  if  the  latter  be  internally  blind, 
the  tip  of  the  director  breaks  its  way  through  the  mucosa  on  a  level  with 
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the  highest  point  Then  the  bent  forefinger  fetches  down  the  flexible 
director  and  brings  it  down  through  the  anal  orifice  so  that  its  upper  end 
appears  there.  The  bridge  of  intervening  tissues  is  divided  from  with- 
out inward  till  we  reach  the  groove  of  the  director,  or  reversely  from 
within  outward:  a  knife,  scissors,  or  the  Paqudin  cautery  being  used  for 


Pig.  672. 

the  purpose.  The  fistula  is  thus  changed  into  an  open  ditch,  the  super- 
ficial walls  of  which  show  a  marked  tendency  to  coalesce  again  and  tiius 
reconstitute  the  original  sinus.  This  contingency  must  be  forestalled  by 
thoroughly  packing  the  groove  with  iodoform  gauze  so  as  to  afford  it  a 
good  chance  to  fill  with  granulations  from  the  bottom  up  until  there 
remains  only  a  superficial  strip  of 
granulating  tissue.  This  careful 
packing,  which  sometimes  must  be 
kept  up  for  four  or  six  weeks,  is 
the  most  important  part  of  the 
whole  treatment  of  fistulee  and  is 
the  sole  guarantee  of  success. 

Finura  inAno. — In  most  cases, 
we  see  anal  fissures  heal  after 
forcible  dilatation  of  the  sphincter 
under  general  narcosis  or  very  com- 
plete local  anesthesia.  To  this  ef- 
fect, the  patient  lying  on  the  side, 
both  forefingers  are  introduced 
through  the  anua  up  to  the  rectal  am- 
pulla, and  the  sphincters  stretched 

vigorously  in  different  directions,  whereupon  they  also  tear  in  a  few 
points.  After  this,  the  anal  mucosa  frequently  pouts  a  little  outward. 
No  inconvenience  arises  therefrom,  on  the  contrary,  covering,  as  it  does, 
the  fissures  with  mucosa,  it  protects  them  efficiently  against  contact  with 
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fecal  masses,  and  jconsequently  is  useful.    Free  bowel  movements  are 

secured  every  day  by  enemata  of  glycerin  or  oil. 

If  simple  anal  dilatation  is  of  no  avail,  we  may  try  incision  of  the 

fissure  carried  deep  enough  to  reach  the  sphincter,  whereby  the  painful 

edges  of  the  wound  curl  under  the  mucosa ;  and  only  in  quite  severe  cases 
where  this  method  fails  also,  do  we 
decide  to  split  the  sphincter,  maybe 
after  still  attempting  to  incise  all 
around  the  fissure,  to  excise  it  and 
to  close  the  resulting  loss  of  sub- 
stance by  a  continuous  buried  sub- 
mucous, and  another  similar  mu- 
cous suture.  Before  each  of  tiie 
operations,  anal  stretching  is  re- 
peated. 

Extirpation  of  P*dicalatmd 
Tumora  of  the  Anal  Segment  and 
Rectal  Ampulla. — Introduction  of 
a  rectal  speculum  (Figs.  573  and 
674).  The  tip  of  the  tumor  is  care- 
fully grasped  with  a  Koettig  artery 
forceps,  and  its  pedicle  is  transfixed 
with  a  long  thread  folded  double, 
which  is  tied  as  around  a  hemiiU 
sac  (Fig.  431,  on  page  452).  We 
use  silk  as  ligature  material.  The 
growth  must  not  be  excised  too 
close  to  the  knot. 

Atresia  of  the  Anus  and  Rectum 

Congenital  maldevelopments  of 
the  lower  part  of  the  rectum  are 
generally  accompanied  by  an  im- 
perforate anus  which  always  de- 
mands immediate  surgical  relief. 
An  incision  is  made  in  the  raph€ 
(Fig.  575,  1)  up  to  the  coccyx. 
Fig.  676.  the    patient  being   in   the  lithot- 

omy position,  buttocks  overhanging 
the  edge  of  the  table,  and  the  bladder  having  been  well  evacuated 
by  catheterization.  The  length  of  the  incision  varies  according  to  the 
greater  or  lesser  depth  at  which  the  end  of  the  rectum  lies.  If  the 
anal  region  bulges,  balloonlike,  especially  when  pressure  is  exerted  on 
the  abdomen,  a  very  short  incision  will  be  enough  (Fig.  575,  2).  Ad- 
vancing little  by  little  in  the  depth,  the  operator  tries  to  find  the  lower 
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end  of  the  rectum  which  bulges  as  a  bluish  vesicle,  and  to  free  it  for  a 
certain  length  laterally  without  opening  its  cavity.  The  higher  up  the 
end  of  the  rectum  is  found,  the  farther  the  same  must  be  freed  on  the 
side,  so  as  to  permit  it  to  be  sufficiently  lowered  and  stitched  to  the 
external  skin.  The  bulging  rectal  cul-de-sac  is  held  by  two  traction  loops 
which  give  it  the  shape  of  a  transversal  fold  (Pig.  575,  S) ,  and  opened ; 
the  wound  having  been  previously  packed  all  around  with  dry  sterile 
gauze,  a  small  longitudinal  incision  is  first  made,  and  lengthened  on 
both  sides  with  knobbed  scissors.  Then  the  rectal  contents  are  squeezed 
out  with  the  fingers  as  completely  and  from  as  high  as  possible ;  viscid 
masses  of  meconium  may  also  be  softened  by  cautious  irrigation  with 
saline  solution,  and  removed.  Both  angles  of  the  wound  are  secured 
with  clamps  (Pig.  575,  4)  above  and  below,  and  sutured  with  through- 
and-through  silk  or  Vienna  wire  stitches  passed  invariably  from  the  skin 
toward  the  mucous  side  and  which  approximate  exactly  the  lower  end  of 
the  rectum  and  the  edges  of  the  cutaneous  wound.  If  the  latter  is  too 
long  relatively  to  the  lumen  of  the  rectum,  we  lay  in  each  angle  one  or 
two  narrowing  stitches  which  in  the  depth  take  a  square  bite  of  the 
lateral  walls  of  the  rectum,  but  without  puncturing  the  mucosa  (Pig. 
575,  i,  in  V).  Vienna  or  silver  wire  holds  incontestably  much  better 
than  silk.  With  it  stitch  infection  is  less  to  be  feared  and  consequently 
the  sutures  do  not  cut  through  as  easily. 

If  we  do  not  find  the  rectum  from  below,  we  keep  working  upward 
as  far  as  we  can  go,  in  the  direction  of  the  pelvic  inlet,  the  bladder, 
urethra  and  vagina  being  indicated  by  catheters  introduced  in  their 
cavity  and  thus  protected  against  injury.  Then  the  abdomen  is  opened 
in  the  midline,  in  the  Trendelenburg  inverted  position,  and  the  terminal 
segment  of  the  rectum  is  sought  through  the  new  route:  when  found,  it 
is  liberated  as  would  be  done  in  a  case  of  resection  of  the  rectum  for 
carcinoma  (see  above),  the  utmost  care  being  taken  to  save  the  blood- 
vessels; next,  the  pelvic  floor  is  incised;  the  tip  of  the  finger  introduced 
from  below  through  the  perineal  wound  acting  as  a  guide,  the  rectal 
stump  is  dragged  downward  and  fastened  temporarily  without  being 
opened;  the  abdominal  cavity  is  closed;  the  perineal  wound  is  packed  on 
both  sides  up  to  the  peritoneum,  the  rectal  stump  is  stitched  to  the 
external  wound  in  the  manner  described  above.  In  urgent  cases,  we 
must  be  content  with  establishing  an  artificial  anus. 

Congenital  Openings  of  the  Rectwn  Into  the  Bladder,  Urethra, 
or  Vagina. — If  we  have  to  deal  with  a  high  opening  into  the  vagina, 
we  introduce  through  the  vaginal  aperture  a  probe  into  the  rectum  pre- 
viously emptied  as  well  as  possible  through  the  abnormal  orifice,  and 
split  the  perineal  region  up  to  the  fistula;  the  latter  is  surrounded  by  a 
circular  incision,  and  the  edges  thus  detached  are  left  hanging  to  the 
rectal  wall.  The  dissected  opening  is  closed  with  a  clamp  and  the  rectal 
stump  liberated  far  enough  upward  to  allow  of  an  easy  transposition 
backward  in  the  true  anal  region  where  it  will  be  sutured  close  in  front 
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of  the  coccyx.  Next,  with  buried  catgut  and  superficial  wire  sutures, 
we  reconstitute  between  the  vagina  and  the  rectum  a  septum  as  broad 
as  feasible,  open  the  rectum  and  stitch  it  in  the  usual  way  to  the  outer 
skin.  In  case  of  high  opening  of  the  rectum  into  the  vagina,  or  of  com- 
munications between  the  rectum  and  the  urethra  or  bladder,  the  task 
that  confronts  us,  namely,  to  find  the  normal  end  of  the  rectum,  to 
pediculate  it,  to  dissect  out  the  fistulous  opening  in  the  vagina,  bladder, 
or  urethra,  is,  of  course,  much  more  difficult;  however,  here  also,  we 
must  endeavor  to  close  at  once  the  abnormal  opening.  In  such  cases, 
we  may  place  first  on  the  bladder  or  on  the  vagina  a  purse-string 
suture,  such  as  is  made  for  small  intestinal  wounds  (see  Fig.  478)  and 
bury  this  suture  in  the  depth  later  by  a  few  Lembert-like  separate 
catgut  stitches.  Urethral  wounds  must  be  repaired  as  will  be  said  later 
in  the  chapter  on  Injuries  of  the  Urethra,  Finally,  the  rectum  is  again 
freed  as  far  as  possible,  drawn  down,  and  stitched  to  the  skin. 

The  after-treatment  is    very  simple.     In  infants,  we  must  insure 

copious  soft  stools  and  cleanliness.    Silk  stitches  are  removed,  as  a  rule. 

as  early  as  the  fifth  or  sixth  day,  while  metallic  wire  can  be  left  longer 

in  place  and  thus  guarantees  a  better  union  of  the  wound  edges.    Should 

a  secondary  stricture  develop,  it  might 

be  treated  by  the  operation  now  to  be 

described. 

Strictures  of  the  Reetam. — In 
congenital  stenosis  of  the  rectum,  in 
strictures  persisting  after  an  opera- 
tion for  imperforate  anus,  or  result- 
ing from  scar  contraction  at  the 
junction  of  the  outer  skin  and  anal 
mucosa,  for  instance  after  too  exten- 
sive a  cauterization  of  piles;  in  one 
word,  in  cases  of  very  short  linear 
strictures,  the  treatment  is  relatively 
simple,  whereas  that  of  cylindrical 
strictures  of  the  anal  region  or  in- 
volving a  more  or  less  long  segment 
of  the  ampulla,  pelvic  colon  and  sig- 
moid flexure,  may  offer  tremendous 
difficulties.  In  short  linear  strictures. 
Fig.  576.  we  incise  in  the  posterior  raph£,  more 

or  less  according  to  the  grade  of 
lesions,  after  carefully  preparing  the  patient  with  cathartics  and  frequent 
flushings  of  the  rectum.  The  stenosing  band  is  first  incised,  a  sharp 
small  hook  is  inserted  on  each  aide  at  the  mucocutaneous  border,  and  an 
incision  is  made  inward  and  outward  as  long  as  is  necessary  to  give  the 
anus  an  amply  sufficient  diameter,  once  the  longitudinal  incision  will  have 
been  changed  into  a  transversal  one  by  pulling  on  the  hooks.     Any  cica- 
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tricial  ring  that  may  be  found  in  the  subcutaneous  tissue  must  naturally 
also  be  divided  completely.  Next,  we  secure  the  mucous  membrane  in 
the  upper  angle  of  the  wound  by  means  of  a  silk  loop  or  a  forceps,  pull 
it  downward,  and  suture  the  longitudinal  incision  crosswise  by  a  number 
of  silk  or  catgut  stitches  in  the  manner  represented  in  Fig.  576.  Circular 
scars  may  be  surroimded  by  two  incisions,  first  one  on  the  outer  side, 
then  one  on  the  inner,  upward  backsliding  of  the  mucocutaneous  margin 
being  prevented  by  a  few  forceps  hung  to  it,  or  fixation  loops.  Once  the 
cicatricial  ring  is  dissected  away,  the  edges  of  the  mucosa  and  that  of 
the  external  skin  are  completely  sutured  with  each  other.  In  circular 
membranous  strictures  in  the  region  of  the  ampulla,  and  in  cylindrical 
strictures  of  the  kind  referred  to  more  in  detail  above,  which  generally 
are  a  sequel  to  gonorrhea  or  syphilis,  operations  like  tiiose  for  carcino- 
matous disease  of  the  anus,  ampulla,  pelvic  colon  and  sigmoid  fiexure, 
become  necessary.  Especially  in  strictures  reaching  very  high,  the 
abdominodorsal  or  abdominoperineal  route  alone  enables  us  to  gain  access 
to  the  lesion  and  to  remove  it  in  such  a  way  that  the  central  stump  can 
be  implanted  into  the  anal  region,  within  the  sphincter  whenever  the 
latter  could  be  spared.  But  such  operations  ought  always  to  be  preceded 
by  an  artificial  anus  to  cure  the  suppuration  and  septic  condition  present 
in  most  cases.  As  the  operations  differ  in  no  way  from  those  described 
above  for  carcinoma,  I  refer  to  the  more  exhaustive  study  already  made. 

Prolapse  of  the  Anus  and  Rectum.— In  anal  prolapse,  simple  falling 
of  the  mucous  membrane  in  which  we  see  one  or  two  dark  blue  and  red- 
dish crescent-shaped  ridges,  v.  Langenbeck^s  cautery  method  is  generally 
sufficient  to  bring  about  a  cure.  After  careful  preparation  by  purgatives, 
we  bum  with  a  red  hot  Paquelin  tip  a  number  of  grooves  (at  least  three 
on  each  side)  through  the  mucosa  and  submucosa.  These  grooves  follow 
radiating  directions  and  converge  toward  the  fimnel  within  which  are 
the  crescentic  ridges :  externally,  they  do  not  quite  reach  the  cutaneous 
margin  of  the  anus ;  the  result  is  a  sunlike  figure,  the  point  of  the  funnel 
(i.e.,  the  lumen  of  the  bowel)  representing  the  sun  and  the  charred 
streaks  the  rays.  If  we  want  to  excise  the  prolapse,  we  incise  the  anal 
mucosa  half  an  inch  from  the  anal  border,  first  on  one  side  and  semi- 
circularly  from  the  anterior  raphS  to  the  posterior,  and  we  dissect  it 
cautiously  up  to  the  entrance  of  the  infundibulum ;  then  we  make  there  a 
parallel  incision,  so  as  to  outline  a  bridge-shaped  flap,  and  we  approximate 
forthwith  beneath  said  bridge  flap,  by  an  interrupted  catgut  suture,  the 
inner  and  outer  mucous  edges.  Then  we  lengthen  the  incisions  in  the 
mucosa  beyond  the  raph6  on  both  sides  and,  alternately  excising  and 
suturing,  remove  a  similarly  shaped  flap  of  the  other  mucous  ridge. 

This  method,  and  that  given  below  for  the  cure  of  anorectal  prolapse, 
is  only  used  when  the  prolapse  does  not  respond  to  dietetic  measures,  to 
massage  after  Thure-Brand* s  principles  and  electricity. 

Rectal  and  anorectal  prolapse  is,  after  WaMeyer's  researches,  a  peri- 
neal hernia  resulting  from  the  following  mechanism:  the  anterior  wall  of 
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the  rectum  in  the  region  of  the  rectovesical  or  rectouterine  cul-de-sac 
gives  way  and  is  progressively  invaginated  by  pressure  of  the  intestinal 
loops,  whereby  it  telescopes  a  part  of  the  bowel  situated  above  into  that 
situated  below  and,  finally,  brings  it  outside.  If  the  fold  of  reflexion  of 
the  invaginated  part  lies  above  the  anal  segment,  we  have  to  deal  with  a 
colic  or  rectal  prolapse;  if  it  corresponds  to  the  limit  between  the  anal 
and  the  external  skin,  if  therefore  the  anus  is  also  everted  outward,  the 
prolapse  is  called  anorectal. 

Resection  of  Rectal  Prolapte  after  Mikulicz  (Nicoladont) . — This 
method,  when  not  rightly  carried  out,  is  not  devoid  of  danger,  as  in  the 
anterior  wall  of  the  prolapse,  between  the  outer  and  inner  cylinders,  lie» 
the  retrovesical  (or  retrouterine,  according  to  sex)  basfond,  Waideyer^a 
hedrocele,  which  often  har- 
_  External^  mucosa^  ^-^^  Omentum  or  loops  of 
'  "" '" '^  small  intestine;  and,  be- 
hind, we  find  the  mesocolon 
with  its  large  bloodvessels 
{Fig.  577).  Consequently, 
there  lurks  in  front  the 
danger  of  opening  and  con- 
taminating the  abdominal 
cavity,  and  behind,  that 
of  hemorrhage.  But  when 
one  proceeds  methodically. 
Fig.  577,  as  will  now   be   said  and 

as  is  represented  in  Fig. 
578,  AXjoE,  these  dangers  may  be  avoided.  The  patient  being  in  the 
lithotomy  position  (Fig.  578,  ^4),  the  prolapse  is  grasped  on  each  side 
with  a  bullet  forceps  and  drawn  outside.  An  incision  is  first  made  on  the 
anterior  side  (Fig.  578,  B)  through  the  mucosa  {So) ,  the  muscularis  {Ma) 
and  the  peritoneum  (Pa),  the  latter  being  first  opened  for  a  small  length 
to  allow  uniting  immediately  with  an  interrupted  silk  suture  the  edge 
nearer  the  anal  region  with  the  peritoneal  lining  of  the  inner  cylinder 
iPi),  which  appears  as  soon  as  the  peritoneum  is  opened.  This  suture  is 
continued  until  the  peritoneal  cavity  is  closed  hermetically  on  all  sides, 
that  is,  until  we  reach  the  point  of  reflexion  of  the  mesocolon  on  the 
posterior  aspect.  While  the  peritoneum  is  opened,  any  abdominal  organs 
presenting  themselves  are  restored  to  their  normal  position.  Next,  the 
inner  cylinder  is  incised:  first  the  peritoneum  below  the  suture,  then,  the 
muscular  coat  (Mi),  and,  finally,  the  mucosa  (Si),  so  that  we  are  now 
within  the  lumen  of  the  inner  cylinder  (Fig.  578,  C)-  We  can  right  now 
approximate  by  an  interrupted  suture  the  mucosa  (together  with  the 
muscular  coat  and  peritoneum)  of  the  outer  cylinder  with  that  of  the  anal 
cylinder.  Next,  we  grasp  the  apex  of  the  prolapse  with  a  vulsellum 
forceps  (Fig.  578,  D).  reflect  it  upward  and,  on  the  posterior  aspect,  incise 
the  mucosa  and  muscularis  until  we  reach  the  more  or  less  fatty  meso- 
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colon  and  the  bloodvessels  therein  contained.  The  latter  are  freed  as 
much  as  possible,  severed  between  two  ligatures,  and  the  posterior  cir- 
cumference of  the  inner  cylinder  is  incised.  Beginning  at  the  point 
where  we  stopped  the  anterior  muco-musculo-mucous  suture,  we  stitch 
together  in  like  fashion  the  posterior  half  circumferences  of  both 
cylinders,  inner  and  outer.  Next,  the  protruding  remaining  ring  is 
reduced  through  the  sphincter  into  the  rectum.     The  patient  must  be 

Bullet  forceps  to  hold 
in  place  the  inverted 
prolapse 


LOTi 


S,  Mucosa;  M,  Muscularis;  P,  Peritoneum. 
a  and  i  desigmate  the  outer  and  the  inner  cylinder 
respectively. 

Fig.  57a 


constipated  by  means  of  opium  for  five  or  six  days.  Catgut  is  used  as 
suture  material,  as  removing  the  stitches  would  be  attended  with 
difficulty. 

Plicature  Method,  Delorme,  Rehn,  Bier  (Figs.  579  and  580).— 
The  mucous  cover  of  the  outer  prolapsed  cylinder  is  incised  all  around 
in  aai  at  the  limit  between  the  mucosa  and  the  skin,  and  completely  dis- 
sected off  the  underlying  muscularis.  This  dissection  is  carried  down  to 
the  tip  of  the  prolapse,  while  the  edges  of  the  mucous  cylinder  are  fas- 
tened with  artery  forceps  and  strongly  drawn  downward.    The  remain- 
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ing  coats  of  the  outer  prolapsed  cylinder  are  then  reefed  together  in  four 
or  five  places  by  catgut  stitches  (see  Fig.  580,  A)  which  pick  up  the  tissues 
as  far  as  the  external  sphincter.     When  these  Uireads  are  tied,  the  tissues 


'gathered  together  (Pig.  580,  B)  fill  the  space  between  the  inner  cylinder 
and  the  internal  sphincter,  and  thus  form  a  thick  pad  which  markedly 
strengthens  the  pelvic  floor;  at  the  same  time,  the  often  considerable 

bleeding  stops  gener- 
ally by  itself.  If  the 
sphincter  is  very  wide- 
ly relaxed,  it  may  be 
narrowed  to  a  certain 
extent  by  an  additional 
reefing  suture  (see  be- 
low, plication  of  the 
sphincter  after  Heifer' 
ick).  But  this  must 
not  be  carried  too  far, 
as  otherwise  a  stenosis 
might  develop,  as  hap- 
pened in  Bier's  first 
case,  in  which  opera- 
tive widening  of  the 
too  much  narrowed 
anus  became  neces- 
sary. Now  the  cylinder 
of  mucous  membrane  is  severed  transversely  about  an  inch  from  the 
anus;  the  division  is  started  on  the  anterior  circumference,  suture  of  the 
central  mucous  edge  to  the  anal  skin  following  immediately  the  cutting 


Infolding  si 


Fig.  580. 
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Point  of 
entrance 


to  prevent  the  mucous  membrane  from  sliding  again  upward,  and  thus, 
little  by  little,  all  of  the  redundant  mucosa  is  clipped  off. 

In  these  two  foregoing  methods,  the  operative  interference  is  carried 
on  the  prolapsed  part  itself.  The  plication  method  which  creates  a  re- 
sistant ring  inside  the  sphincter  may  be  considered  as  a  transition  lead- 
ing to  the  following,  which  aim  at  narrowing  the  anal  orifice  in  another 
manner. 

Thiersch's  Perianal  Wiring  (Fig.  581).— This  is  unquestionably  and 
by  far  the  minimal  procedure.  The  prolapsed  segment  is  reduced;  a  big 
needle  carrying  a  silver  (or  Vienna)  wire  is  introduced  through  a  small 
longitudinal  incision  in  the  anterior  raphS  close  to  the  anal  border,  made 
to  travel  around  one-half  of  the  circumference  of  the  anus  at  a  depth  of 
about  half  an  inch  and  brought  out  in  the  midline,  in  the  posterior  raphe. 
The  needle  is  controlled  by  the  index  finger  of  the  gloved  left  hand  intro- 
duced in  the  anus;  it  must  not  perforate  the  mucosa.-  The  needle  is  rein- 
serted through  the  same  small  poste- 
rior exit  puncture  and  led  beneath  the 
skin  around  the  other  half  circumfer- 
ence of  the  anus  to  the  initial  point 
of  entrance ;  both  ends  of  the  thread 
are  tightened  enough  to  make  the 
loop  formed  outside  of  the  posterior 
puncture  disappear  in  the  depth,  then 
twisted  or  tied  together  so  that  the 
anus  admits  still,  in  adults,  the  fore- 
finger; in  children,  the  little  finger. 
The  ends  of  the  wire  are  snipped 
short,  the  small  wound  is  rubbed  with 
iodoform  powder  and  completely  su- 
tured with  fine  silk  or  silver  wire. 
Keep  the  patient  constipated  for  the 
first  two  days,  then  take  care  that 

the  stools  be  soft.  If  infection  develops,  leave  nevertheless  the  ring  in 
place  at  least  ten  days  or  two  weeks.  During  this  period  the  sphincter 
frequently  recovers  enough  tonicity  to  become  again  competent.  Espe- 
cially in  children,  two  weeks  of  wiring  are  quite  sufficient  in  a  majority 
of  cases,  if  a  proper  diet  be  given  at  the  same  time.  In  some  cases,  I 
have  left  the  wire  for  a  longer  period:  however,  especially  in  children, 
I  make  it  my  habitual  rule  to  remove  it,  though  it  does  not  cause  the 
slightest  inconvenience. 

Narrowing  the  anus  by  actual  cauterization  {Dieffenbach,  Langehbeck) 
or  by  corrosion  with  fuming  nitric  acid  {v.  Eamarch)  is  but  very  seldom 
performed. 

Partial  Excision  of  the  Shin  of  the  Anus  and  of  the  Adjoin- 
ing Parts  of  the  Mucosa  after  Dieffenbach.     (See  Fig.  582.) 

This  method,  in  conjunction  with  partial  excisions  of  the  anal  sphinc- 


.-••^Point  of 
exit 


Fig.  581. 
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ter,  was  frequently  employed  with  good  success  by  Koenig,  especially  in 
prolapse  of  young  children.  Large  excision  of  an  elliptical  piece  of  the 
mucosa  and  of  the  skin  of  the  anus  (Fig.  582,  a)  while  an  assistant,  with 
both  bent  forefingers,  holds  the  anus  widely  gaping.  The  mucosa  is  first 
incised  above,  its  point  is  secured  with  a  dissection  forceps  and  the  flap 
progressively  dissected  free  from  the  sphincter.  Next,  a  wedge  of  cor- 
responding size  is  excised  from  the  sphincter  itself  (see  Fig.  582,  6)  and 
the  gaping  sphincter  is  forthwith  sutured  by  a  number  of  deep  catgut 
stitches  (Fig.  582,  c) ;  the  mucosa  is  repaired  with  catgut,  the  skin  with 
silk,  the  threads  picking  once  more  in  the  depth  the  fibres  of  the 

sphincter.    The  mucosa  and  sphincter  must  be  reduced 
about  one-third. 

Hejferich  plicates  transversely  the  sphincter  with 
catgut  through  a  semilunar  incision  running  along  the 
anal  margin,  and  hopes  thus  to  make  it  shrink  perma- 
nently. 

ReciO'Coccygopexy  (Koenig). — This  operation  is  a 
modification  of  that  used  by  Vemeuil.  Incision  over 
the  middle  of  the  lower  end  of  the  sacrum  and  coccyx. 
Dissection  of  the  soft  parts  to  the  edges  of  the  bone 
and  division  of  the  structures  on  both  sides  down  to  the 
rectum.  The  left  forefinger  introduced  in  the  anus 
(Fig.  583)  replaces  the  prolapse  and  pushes  the  poste- 
rior wall  of  the  rectum  as  high  as  possible.  Then  a 
few  strong  catgut  threads  are  passed  on  each  side 
through  the  coccyx  in  children,  through  the  dense 
fibrous  tissue  existing  around  its  edges  in  adults,  and 
through  the  posterior  rectal  wall  exclusive  of  the  mu- 
cosa (the  finger  in  the  rectum  controls  the  position  of 
the  needle)  (see  Fig.  583  on  the  right) ;  these  catgut 
loops  anchor  the  posterior  rectal  wall  to  the  coccyx. 
The  external  wound  is  completely  closed. 

Czemy  plicates  longitudinally  the  posterior  rectal 
wall  through  a  parasacral  incision  in  the  manner  set 
forth  above  about  the  Delorme-Rehn-Bier  method,  and 
suspends  it  to  the  greater  and  lesser  sacrosciatic  liga- 
ments. GSrard'Marchant  reaches  also  the  rectum 
through  a  posterior  incision,  narrows  its  lumen  by 
means  of  transversal  reefing  sutures  which  pucker  the  rectal  wall  in  lon- 
gitudinal folds,  and  ends  by  performing  rectopexy  as  Czemy. 

Colopexy  (Jeannel-Eiselsberg) . — General  or  lumbar  anesthesia.  Ex- 
aggerated Trendel€7iburg  high  pelvic  position.  Opening  of  the  abdomen 
on  the  left  side,  parallel  with  Poupart's  ligament,  as  for  an  artificial 
anus.  Raising  of  the  prolapse  by  strong  traction  on  the  flexure.  Suture 
of  the  mesocolon  and  peritoneal  cover  of  the  stretched  intestinal  loop  with 
the  peritoneum  of  the  abdominal  wound  for  a  length  of  from  two  to  five 
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inches,  by  means  of  two  or  three  rows  of  silk  stitches.  As  peritoneal 
adhesions  such  as  result  from  this  technique  yield  easily  and  engender 
cordlike  bands,  Rotter  modified  the  operation  as  follows:  Incision  near 
the  antero-superior  iliac  spine,  stripping  of  the  peritoneum  of  the  lateral 
edge  of  the  wound  to  two  inches  beyond  the  iliac  fossa,  thus  baring  the 
retroperitoneal  connective  tissue.  The  lateral  and  lower  surfaces  of  the 
flexure,  previously  stretched  tight,  are  sutured  to  this  peritoneum-stripped 
spot  in  such  a  way  that  the  dislocated  peritoneal  edge,  togetherwith  some 
of  the  pelvic  connective  tissue,  is  fastened  to  the  mesenteric  border  of  the 
bowel  for  a  length  of  about  three  inches;  and  besides  that,  the  bowel 
itself  lies  on  the  denuded  place,  and  the  free  border  of  the  gut  (that 
opposite  the  mesentery)  is  sutured  to  the  transverse  of  the  abdomen 


Fig.  583. 

along  the  lateral  edge  of  the  abdominal  incision.  Some  surgeons  add  still 
to  this  operation  a  suture  of  the  mesocolon  to  the  peritoneum  of  the  iliac 
fossa  and  the  suture  of  the  afferent  and  efferent  loops  of  the  sigmoid 
flexure  juxtaposed  as  the  two  barrels  of  a  shotgun.  Again,  entero- 
anastomoses  have  been  made  between  both  loops:  v.  Eiselsberg  resected 
circularly  the  elongated  flexure. 

The  obliteration  by  Mature  of  Dougltu'  poach,  as  flrst  practised  by 
Witzel,  obviates  the  descent  of  the  rectovesical  (or  rectouterine)  excava- 
tion and  the  bulging  of  the  anterior  rectal  wall  (Waldeyer's  hedrocele). 
The  patient  being  in  very  steep  Trendelemburg  inverted  position,  the  pro- 
lapse is  reduced  and  the  peritoneal  cover  of  the  anterior  aspect  of  the  pel- 
vic colon  and  that  of  the  posterior  surface  of  the  bladder  or  uterus,  as 
may  be  the  case,  are  stripped  for  a  height  of  two  and  a  half  inches  down 
to  the  bottom  of  the  Douglas ;  the  denuded  walls  of  said  space  are  approx- 
imated by  several  rows  of  sutures  and  the  cavity  absolutely  obliterated. 

The  number  of  methods  proposed  for  the  operative  cure  of  rectal  pro- 
lapse prove  that  none  gives  uniformly  certain  results.     Therefore,  we 
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shall  resort  to  operation  only  when  a  careful  diet,  regulation  of  bowel 
movements,  Thure-Brand's  massage,  electrization  of  the  sphincter,  con- 
tinued for  a  long  time,  remain  without  success.  Mikulicz's  resection  is 
formally  indicated  in  incarcerated,  gangrenous,  and  markedly  ulcerated 
prolapses.  We  use  frequently  Thiersch's  method  in  children  and  in  out- 
patient department  practice.  But  it  gives  also  sometimes  permanent  suc- 
cesses in  adults  when  all  other  methods  have  failed.  It  is  also  indicated 
in  old  people  and  weakened  individuals  who  would  not  rally  well  from  a 
major  operation,  and  we  have  discarded  in  its  favor  narrowing  of  the 
sphincter  and  rectococcygopexy.  In  movable  rectal  prolapse  of  adults, 
we  use  combined  methods,  narrowing  of  the  sphincter,  rectococcygopexy, 
obliteration  of  the  Douglas  cul-de-sac  with  colopexy. 


(C)  Surgery  of  the  Liver  and  Bile-Docts 

Preliminary  Anatomical  Remarks. — The  liver  lies  essentially  below 
the  right  costal  arch  in  the  concavity  of  the  diaphragm  and  is,  to  a  great 
extent,  covered  with  peritoneum :  only  a  small  part  of  the  liver  siirface 
rests  directly  on  the  posterior  abdominal  wall.  The  liver  consists  of  a  right 
lobe  including  the  greater  bulk  of  the  gland  and  to  which  is  appended  very 
frequently  a  so-called  constriction  lobe,  and  of  a  left  lobe.  On  the  imder 
surface  we  find  still  between  the  right  and  left  lobes  the  lobus  quadratus 
which  is  limited  on  the  left  side  by  the  round  ligament  of  the  liver,  on 
the  right  by  the  gall-bladder,  behind  by  the  portal  fissure,  and  Spigel's 
lobule  situated  between  the  vena  cava  inferior  to  the  right,  the  prolonga- 
tion of  the  round  ligament  to  the  left,  and  the  portal  fissure  (hepato- 
duodenal ligament)  in  front.  The  left  lobe  of  the  liver  is  fairly  movable 
and  comparatively  easy  to  expose  in  operations,  while  the  greater  part  of 
the  right  lobe  is  hidden  behind  the  ribs.  On  the  upper  surface,  the  falci- 
form ligament  separates  the  right  from  the  left  lobe;  it  is  a  sagittal  peri- 
toneal duplication  which,  behind,  is  directly  connected  with  the  f rontally 
stretched  coronary  ligament  of  the  liver.  The  inferior  vena  cava  lies  about 
at  the  intersection  of  the  falciform  and  coronary  ligaments.  The  round 
ligament  is  inserted  into  the  navel ;  when  it  is  divided,  the  liver  can  be 
pushed  upward  more  freely,  or,  for  instance,  tipped  over  backward  around 
an  imaginary  transversal  axis  of  the  body,  and  the  under  surface  is  thus 
made  more  accessible.  On  the  other  hand,  by  dividing  the  falciform 
ligament  to  the  inferior  vena  cava,  and,  on  the  left,  into  the  concavity 
of  the  diaphragm,  we  can  mobilize  the  liver  enough  to  draw  it  easily  for- 
ward, disengage  its  upper  surface  from  the  diaphragmatic  dome  and  ren- 
der it  accessible  (see  Fig.  517,  page  536).  From  the  lower  surface  of  the 
left  lobe  of  the  liver,  the  hepato-gastric  ligament  stretches  to  the  stomach. 
This  ligament,  together  with  the  hepato-duodenal  ligament,  is  also  called 
lesser  omentimi  and  forms  part  of  the  anterior  wall  of  the  omental  bursa. 
In  the  hepato-duodenal  ligament  run  the  hepatic  artery,  the  portal  vein. 
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and  the  biliary  ducts,  hepatic  or  common,  according  to  the  level  considered. 
The  under  surface  of  the  liver  rests  upon  the  right  kidney  and  suprarenal 
body;  anteriorly  it  lies  together  with  the  gall-bladder  on  the  hepatic 
flexure  of  the  colon.  The  whole  left  lobe,  part  of  the  right  lobe  and  the 
transverse  fissure  rest  upon  the  stomach,  the  pylorus  and  the  superior 
horizontal  part  of  the  duodenum.  Special  surgical  importance  attaches 
to  the  tranMverse  fissure  and  the  hepato-dnodenal  ligament.  The 
latter  is  a  double  peritoneal  fold  which  is  reflected  downward  and  inward 
over  the  duodenum  and  pylorus,  upward  over  the  under  surface  of  the 
liver  and  the  gall-bladder,  backward  over  the  anterior  wall  of  the  omental 
bursa.  Behind  this  last  reflexion  fold  is  found  the  entrance  to  the  bursa, 
the  so-called  Winslow's  foramen,  which  we  can  find  and  enter  under  nor- 
mal circumstances  by  carrying  the  left  index  finger  in  the  region  of  the 
neck  of  the  gall-bladder,  close  to  the  liver,  and  from  right  to  left  below 
the  organs  of  the  portal  fissure.  The  organ  farthest  toward  the  right  in 
the  ligament  is  the  choledochus,  or  common  bile-duct,  formed  by  the 
confluence  of  the  hepatic  and  cystic  ducts.  Medial  to  the  duct  runs  the 
hepatic  artery,  and  behind  both,  the  portal  vein.  The  common  duct  courses 
somewhat  obliquely  from  behind  forward  and  fairly  vertically  in  a  frontal 
direction,  but  frequently  also  a  little  obliquely  to  the  right.  Its  length 
varies  and  averages  from  li  to  3  inches.  The  cystic  and  hepatic  duct 
often  meet  at  a  right  angle,  but  very  frequently  also  form  an  acute  angle, 
the  apex  of  which  is  turned  toward  the  duodenum.  In  the  common  duct, 
we  distinguish  a  supraduodenal  and  a  retroduodenal  part  The  supraduo- 
denal part  lies  above  the  horizontal  part  of  the  duodenum.  The  retroduo- 
denal part  opens  into  Vater's  papilla  on  a  level  with  the  middle  of  the 
vertical  segment  of  the  duodenum;  there  it  lies  close  to  the  lateral  side 
of  the  portal  vein  and  in  front  of  the  inferior  vena  cava.  Before  its  ter- 
mination^ it  is  frequently  entirely  surrounded  by  the  head  of  the  pan- 
creas, frequently  also  the  same  is  simply  in  contact  with  its  medial  side. 
Below  the  head  of  the  pancreas,  there  is  behind  the  duodenum  a  very 
thin-walled  venous  plexus,  easily  injured  and  then  giving  rise  to  very 
copious  hemorrhages.  The  gall-bladder  is  covered  with  peritoneimi  only 
on  its  lower  surface  and  on  its  whole  fundus,  the  peritoneum  being 
reflected  over  the  latter  from  the  under  surface  of  tiie  liver.  In  con- 
siderably dilated  hydropic  gall-bladders,  most  of  the  elongation  affects 
the  fundus,  so  that  the  organ  projects  far  into  the  abdominal  cavity  under 
the  shape  of  a  long,  pear-shaped,  very  movable  structure.  The  bed  of 
the  gall-bladder  on  the  under  surface  of  the  liver  is  formed  by  some  rather 
tough  connective  tissue,  poor  in  bloodvessels,  and  from  which  the  muscular 
coat  of  the  gall-bladder  strips  easily  when  there  has  been  no  previous 
intense  inflammation.  In  the  region  of  the  neck  of  the  gall-bladder,  the 
peritoneal  lining  coming  from  the  right  and  that  coming  from  the  left 
get  nearer  and  nearer  to  the  liver  above,  so  that  the  neck  and  the  cystic 
duct  are  enclosed  within  a  peritoneal  fold.  The  cystic  duct  runs  a  tor- 
tuous course :  the  flexuosities  are  caused  by  the  shortness  of  the  cystic 
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artery  (arising  from  the  ascending  branch  of  the  hepatic  artery) .  The 
cystic  artery  coming  from  behind  the  hepatic  duct  divides  in  the  region 
of  the  neck  of  the  gall-bladder  into  an  anterior  and  a  posterior  branch 
which  under  normal  circumstances  have  only  a  small  calibre,  but  are 
generally  much  hypertrophied  in  inflamed  gall-bladders  and  consequently 
can  bleed  very  badly.  Severing  the  cystic  artery  first  enables  us  to 
straighten  the  cystic  duct  and  thereby  to  locate  more  accurately  the 
confluent  with  the  hepatic  duct. 

Wounds  of  the  Liver. — In  open  stab  or  gunshot  wounds,  punctures, 
or  wounds  caused  by  blunt  bodies  (impalement),  we  reach  the  liver 
through  the  external  wound,  in  most  cases  by  an  oblique  incision  along, 
and  one  or  two  fingers'  breadth  distant  from,  the  costal  border.  Through 
such  an  incision,  we  also  can  easily  inspect  and  palpate  the  left  lobe  of 
the  liver.  If  the  injury  is  more  toward  the  right  lobe,  we  can  render 
accessible  the  remainder  of  the  liver  by  lengthening  the  incision  back- 
ward, downward,  and  toward  the  right ;  as  in  those  cases  a  speedy  comple- 
tion of  the  operation  is  generally  very  desirable,  we  cannot  waste  time 
with  complicated  incisions.  If  the  seat  of  injury  is  the  upper  surface  of 
the  liver,  we  may  eventually  have  to  fold  upward  the  costal  arch  (see  Fig. 
517,  page  536) .  We  then  detach  the  upper  portion  of  the  rectus  muscle 
together  with  its  sheath  from  the  transversalis  fascia,  divide  the  costal 
cartilages  in  the  indicated  places  and  laterally  of  the  sternum,  as  said 
above,  and  hinge  the  flap  outward,  upward  and  to  the  right.  If,  besides, 
we  sever  the  falciform  ligament,  we  can  disengage  the  liver  from  the 
diaphragmatic  cupola  as  far  back  as  the  inferior  vena  cava. 

Wounds  of  the  posterior  border  of  the  liver  necessitate  approach  by 
the  transpleural  route  (see  pages  431  and  following) . 

Wounds  of  the  liver  presenting  neat  edges  are  treated  by  suture;  when 
hypertrophy  of  the  hepatic  connective  tissue  is  present,  placing  the 
stitches  is  a  relatively  simple  matter  because  the  threads  do  not  cut 
through  the  parenchyma  as  is  the  case  with  a  normal  gland  which  possesses 
only  little  connective  tissue  and  therefore  tears  extremely  easily.  Sharp 
pointed  needles  are  not  to  be  chosen  for  suture  of  the  liver  because  they 
puncture  large  bloodvessels  within  the  liver  and  may  start  hemorrhages 
afresh,  while  these  same  large  bloodvessels  slide  out  of  the  way  of  blunt 
needles  (slender  Deschamp  ligature  carriers  having  a  long  radius  curve). 
Such  an  instrument  boring  its  way  cautiously  through  the  liver  does  not 
provoke  any  appreciable  hemorrhage  (Anschutz).  Insert  the  needle  at 
least  an  inch  from  one  edge  of  the  liver  wound  and  make  it  come  out 
through  the  opposite  side  at  an  equal  distance  from  the  other  edge,  draw 
into  the  stitch  canal  a  strong  catgut  thread,  and  tie  carefully,  so  that  the 
edges  of  the  wound  are  just  brought  in  apposition:  this  is  quite  suflScient 
to  stop  the  bleeding.  While  the  knot  is  being  tied  an  assistant  brings 
the  edges  of  the  wound  together  with  gauze  compresses  or  his  hands 
covered  with  linen  gloves  so  that  only  the  lightest  possible  pull  need  be 
exerted  on  the  threads;  this  protects  safely  against  the  latter  partially 
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or  even  completely  tearing  out  the  hepatic  parenchyma.  A  superficial 
serous  suture  is  superfluous.  Over  the  line  of  suture  we  lay  a  strip  of 
iodoform  gauze  which  is  brought  out  through  a  suitable  point  of  the 
abdominal  incision.  The  catgut  threads  must  be  tied  very  securely :  it  is 
best  to  use  a  sailor's  knot  and  still  to  tie  over  it  a  third  similar  knot.  In 
large  wounds  we  lay  flrst  the  lateral  stitches,  begin  tying  in  the  angles 
of  the  wound  and  thence  proceed  toward  the  centre,  because  tension  is 
naturally  least  in  the  angles.  The  interval  between  the  separate  stitches 
ought  to  be  f  to  i  of  an  inch.  There  exist  a  large  number  of  complicated 
methods  of  liver  suture,  and  also  sutures  by  means  of  artificial  supports 
(Payr^s  magnesium  sutures)  with  which,  as  a  whole,  it  is  however  by  no 
means  essential  to  be  familiarized. 

Liver  wounds  with  contused  or  crushed  edges  are  best  left  unsutured 
as  suppurative  conditions  frequently  develop  after  closure.  In  such 
cases,  we  pack  the  liver  wound  with  iodoform  gauze,  this  being  also  the 
best  procedure  to  advocate  in  extensive  destructions  of  liver  tissue  with 
heavy  loss  of  blood.  In  shallow  losses  of  substance  of  the  liver  paren- 
chyma treated  by  a  gauze  packing,  it  is  advisable  to  hold  the  latter  flrmly 
in  place  by  passing  catgut  stitches  in  the  following  way:  insert  the  needle 
about  IJ  inches  from  one  of  the  edges  of  the  wound,  come  out  about  J 
inch  from  the  same  edge  and  do  the  reverse  on  the  opposite  side,  then 
tie  loosely  the  catguts  over  the  packing. 

Especially  in  gunshot  wounds  of  the  liver,  Fritz  Koenig  urges  earn- 
estly to  refrain  from  suturing  the  wound,  to  check  the  bleeding  by  pack- 
ing and  to  leave  the  wound  partly  open  to  provide  an  issue  outside  for 
the  infectious  matter,  should  a  septic  condition  develop,  and  thus  ward 
off  the  danger  of  diffuse  traumatic  hepatitis  and  multiple  abscesses  of  the 
liver.  The  extravasated  blood  in  the  abdominal  cavity  is  mopped  out  as 
carefully  as  possible  by  means  of  dry  compresses,  and  the  abdomen  is 
completely  closed  by  several  tiers  of  sutures,  except  for  the  place  through 
which  the  packing  is  brought  out.  In  case  of  injury  to  the  gall-bladder 
or  gall-channels,  these  must  be  rendered  accessible  to  eye  inspection  (see 
below  about  Cholelithiasis) .  Small  rents  and  cuts  in  the  gall-bladder  are 
repaired  with  a  Czemy  suture,  exactly  as  an  intestinal  wound  (see  above) ; 
the  mucosa  is  not  taken  in  the  suture,  no  part  of  the  thread  may  lie  within 
the  gall-bladder,  as  it  would  possibly  become  incrusted  and  cause  gall-stone 
formation.  Fine  catgut  is  used  for  the  internal  row  of  sutures,  fine  silk 
for  the  external.  In  extensive  injuries  of  the  gall-bladder  and  in  trans- 
versal ruptures  of  the  cystic  duct,  cholecystectomy  and  ligation  of  the 
cystic  duct,  performed  just  as  will  be  said  later,  are  indicated. 

Lateral  wounds  of  the  bile-ducts  we  must  try  to  repair  as  best  we 
can,  with  fine  silk  stitches;  but  the  most  essential  point  is  to  introduce  a 
drainage-tube  in  the  bile-ducts  (see  below.  Drainage  of  the  hepatic  or 
common  ducts)  and  to  make  the  other  end  come  through  a  suitable  place 
of  the  external  skin  wound,  together  with  one  or  two  strips  of  iodoform 
gauze  laid  over  the  line  of  suture. 
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In  transversal  rents  of  the  bile-ducts,  hepatic  or  choledochus,  which 
cannot  be  repaired  by  suture,  we  may  use  to  advantage  the  T-shaped 
rubber  tubes  described  by  Kehr  (Zentralblatt  fur  Chirurgie,  1909,  page  3) ; 
the  horizontal  arm  is  introduced  in  both  ends  and  sutured  in  A  and  Ax 
(see  Fig.  587)  and  a  packing  is  always  placed  above  and  below  the  torn 
point.  The  threads  used  for  the  suture  are  left  long  and  brought  out  with 
the  rubber  drain  (see  below,  Drainage  of  the  hepatic  duct). 

Resection  of  the  Liver. — Partial  resections  of  the  liver  have  been 
fairly  frequent  in  the  past  ten  years.  Thus,  in  1907,  Anschiltz  was  able  to 
collect  twenty  cases  from  the  Breslau,  Rostock,  and  Koenigsberg  (Garri) 
clinics  alone.  It  is  relatively  simple  to  remove  hypertrophic  tongue- 
shaped  left  lobes  or  constriction  lobes.  In  such  cases  we  can  make  with 
strong  catgut  a  quilted  suture  through  the  whole  thickness  of  the  liver 
and  tie  it  without  fear  of  cutting  through  the  parenchyma  of  the  liver 
in  the  region  of  the  constriction  furrow,  as  there  the  connective  tissue  is 
always  much  more  abundant  than  normally.  Rovsing  begins  by  crushing 
with  an  4craseur  the  liver  at  the  site  of  resection  and  excises  close  to  the 
clamp,  which  he  next  removes ;  he  then  carefully  separates  both  crushed 
peritoneal  layers  that  have  become  paper-thin,  clamps  and  ligates  the 
bloodvessels  that  protrude  from  the  liver  tissue,  or,  when  ligatures  do 
not  hold,  hemstitches  all  around  the  liver  wound  a  flap  taken  from  the 
greater  omentum.  Anschlitz's  opinion  is  that,  in  resection  of  the  liver, 
no  complicated  methods  of  suture  and  ligation,  nor  adjuvant  appliances 
which  any  surgeon  cannot  possibly  always  have  at  hand  for  each  operation, 
are  really  necessary.  Kvsnetzoff  and  Pensky  were  able  to  demonstrate 
that  liver  vessels  can  be  ligated  as  well  as  any  other  bloodvessels,  as  the 
artery  and  the  portal  vein  are  ensheathed  in  periportal  connective  tissue 
and  are  firm  enough  to  offer  sufficient  resistance  to  a  ligature.  But,  in 
the  living  subject,  it  is  not  always  possible  to  grasp  accurately  the  bleed- 
ing vessels.  For  these  cases,  Anschiltz  advocates  intrahepatic  ligatures 
which  were  first  tried  in  animal  experiments  by  the  above-named  authors. 
To  this  purpose,  before  cutting  the  liver  tissue,  we  systematically  run 
through  the  latter  several  rows  of  ligatures  close  to  one  another,  which 
gather  in  bundles  the  bloodvessels  and  constrict  them.  Anschiltz  recom- 
mends to  proceed  as  follows :  a  Deschamp  needle  or  any  similar  instru- 
ment {Kader^s  or  Payr's  long-handled  liver  needle,  Thole^s  ear  needle)  is 
pushed  slowly  and  cautiously  and  feels  its  way  through  the  liver  paren- 
chyma; a  portion  of  liver  of  about  i  to  S  of  an  inch  in  diameter  on  a  cross- 
section  is  encircled  and  the  thread  is  continuously  and  progressively 
tightened  by  a  slow  and  strong  traction.  In  the  liver  parenchyma,  the 
slow  and  steady  traction  first  compresses  collectively  the  bloodvessels, 
then  when  the  pressure  becomes  greater,  the  liver  substance  proper,  less 
resistant  than  the  vascular  walls,  is  crushed  in  the  portion  included 
between  the  vessels.  We  may  either  first  lay  a  row  of  such  sutures  and 
then  divide  the  parenchyma,  or  alternately  ligate  and  excise.  As  liga- 
ture material,  stout  catgut  is  best  when  intrahepatic  mediate  constriction 
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is  resorted  to  and  very  fine  silk  for  ligation  of  isolated  vessels.  With  this 
method,  Anschiltz  succeeded  in  removing  from  the  liver  a  tumor  six 
inches  long  and  weighing  about  two  pounds.  In  the  bed  of  such  a  tumor, 
we  preferably  place  a  big  Mikulicz  tent  or  a  large  packing  held  in  place 
by  a  Lembert  suture  (see  above,  page  611). 

The  technique  of  liver  resection  cannot  of  course  be  described  here 
in  all  its  particulars;  I  simply  refer  to  Anschiitz^s  work  {Sammlung 
klinischer  Vortrdge,  Nos.  356,  357,  Verhandlungen  der  Devtschen  GeseU- 
schaft  fur  Chirurgie,  1907,  II,  p.  523,  J^ayr^  Chirurgen  Kongresz,  1905, 
II,  p.  549). 

Abscesses  of  the  Liver. — Transpleural  opening  of  abscesses  of  the 
liver  has  already  been  spoken  of.  Abscesses  bulging  retroperitoneally 
on  the  posterior  aspect  of  the  right  lobe  of  the  liver  can  also  be  opened 
and  drained  through  the  loin  below  the  last  rib.  In  abscesses  growing 
toward  the  anterior  border,  we  must  sometimes  operate  in  two  sittings, 
if  no  adhesions  have  previously  developed :  first,  we  open  the  abdominal 
cavity  by  an  incision  parallel  with  the  costal  border,  expose  well  the 
region  where  the  abscess  is  located,  detach  the  parietal  peritoneum 
together  with  the  transversalis  fascia  from  the  upper  and  lower  edges  of 
the  incision  far  enough  to  permit  suturing  it  by  a  quilted  suture  all 
around  the  region  of  the  abscess,  thus  shutting  off  the  latter  from  the 
peritoneal  cavity.  If  the  abdominal  cavity  is  thoroughly  excluded,  and 
we  want  to  do  all  in  one  sitting,  we  still  pack  all  around  with  iodoform 
gauze  and  incise  superficially  with  a  red  hot  cautery  tip.  Further  ad- 
vance in  the  depth  is  effected  bluntly  by  means  of  a  closed  dressing 
forceps  pushed  alongside  a  tapping  needle  previously  thrust  into  the 
abscess  cavity.  If  any  bloodvessels  of  important  size  bleed,  they  must 
be  later  clamped  and  ligated.  While  the  pus  flows  out  the  abdominal 
wall  is  still  pressed  down  against  the  liver,  so  that  the  walling-off  stitches 
are  not  subjected  by  the  sinking  of  the  abscess  cavity  to  an  undue  strain 
which  might  make  them  tear  out.  If  we  do  not  intend  to  open  in  the 
first  sitting,  we  mark  out  the  ends  of  the  future  incision  with  two  silk 
stitches  {Riedel  takes  for  this  black  silk),  because  otherwise  after  the 
sprouting  of  granulations  the  different  tissues  are  hard  to  recognize,  we 
pack  the  cavity  and  apply  a  large  dressing.  The  opening  can  follow  five 
or  six  days  later,  even  earlier  if  it  becomes  urgent.  Usually  we  do  not 
irrigate  the  abscess  cavities;  but  others  consider  irrigation  a  good  prac- 
tice and  use  saline  solution.  A  very  thick  drain  is  pushed  into  the  cavity 
with  some  iodoform  gauze  to  pack  loosely  the  hole  in  the  liver,  especially 
when  there  is  much  hemorrhage,  or  when  jaundice  is  present 

Multiple  liver  abscesses  in  thrombosis  of  the  portal  vein  generally 
have  a  very  bad  prognosis.  Open  them  as  best  is  possible,  after  carefully 
walling-off  by  packing  the  other  parts  of  the  abdominal  cavity.  Not  un- 
frequently  unopened  pus  collections  discharge  outside  later  through  the 
cavity  of  some  neighboring  abscess.  Multiple  angiocholitic  abscesses 
in  cholelithiasis  have  also  been  cured  by  incision  of  the  separate  foci 
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( Wilms,  Riese)  but  sometimes  also  by  simple  drainage  of  the  hepatic 
duct  (KehVy  Israel). 

Cysts  and  echinococctis  of  the  liver,  which  cannot  be  radically  treated 
by  resection  of  the  affected  part,  are  shut  off  from  the  peritoneal  cavity, 
in  the  above-described  manner,  by  suture  of  the  parietal  peritoneum  to 
the  liver,  and  freely  incised.  In  case  of  ordinary  cysts  as  well  as  of 
hydatids,  we  severely  condemn  tapping.  We  reprove  fully  as  much 
forcible  detachment  of  the  cyst-wall  or  echinococcic  sac,  as  it  may  call 
forth  a  very  abundant  hemorrhage  and  a  copious,  permanent,  finally  fatal, 
outflow  of  bile.  In  hydatid  cysts,  we  progressively  and  cautiously  extract 
the  sac  with  dissection  forceps.  If  it  does  not  come  out  easily,  we 
pack  and  drain ;  in  most  cases,  the  whole  sac  will  be  spontaneously  shed 
within  a  few  weeks. 

We  ought  still  to  mention  here  that,  in  case  of  hydatid  cysts  of  other 
parts  of  the  abdomen,  omentum,  parietal  ^peritoneum  or  mesentery,  we 
always  try  to  shell  out  the  cyst  in  toto;  during  which  operation,  great 
care  must  be  taken  not  to  damage,  in  any  manner  whatsoever,  the  blood- 
vessels of  the  mesentery  or  mesocolon  or  of  the  intestinal  segments  sup- 
plied by  them.  If  the  cysts  or  echinococcic  tumors  lie  far  behind  on  the 
under  surface  of  the  liver,  a  one-step  operation  is  necessary:  the  liver  is 
exposed  on  a  wide  area  through  a  laparotomy  incision  parallel  with  the 
costal  arch ;  the  colon,  duodenum  and  stomach  are  pushed  downward,  the 
liver  upward;  and  the  whole  operative  field  is  carefully  walled-off  by 
means  of  gauze  compresses  imbibed  with  saline  solution,  so  that  none  of  the 
cyst  contents  can  trickle  into  the  abdominal  cavity.  Then  the  cyst  is 
tapped  with  a  large  trocar  and  emptied  as  well  as  possible.  If  the  relaxed 
sac  can  be  drawn  out,  it  is  sutured  to  the  parietal  peritoneum  and  widely 
split:  if  not,  it  must  be  incised  at  once,  the  secondary  hydatid  vesicles 
must  be  removed  with  the  utmost  care,  and  also  the  sac-walls,  in  so  far 
as  can  be  done  without  using  undue  violence.  Introduction  of  a  thick 
drainage-tube,  packing  with  iodoform  gauze  all  around  the  tube,  so  that 
there  remains  a  broad  passage  going  from  the  bottom  up  to  the  surface. 
The  wound  is  narrowed  by  tier  sutures,  while  the  compresses  protecting 
the  abdominal  cavity  are  removed  one  at  a  time,  until  there  is  left  only  a 
large  hole  for  the  drain  and  packing.  After  the  cyst  has  been  walled-off 
by  adhesions  from  the  abdominal  cavity  and  the  packing  has  been  removed 
by  gentle  pulling,  which  is  usually  the  case  after  a  week  or  ten  days,  we 
try  to  grasp  the  sac-wall  with  a  long  dressing  forceps  and  to  extract  it. 
After  operations  of  this  type  without  immediate  radical  removal  of  the 
whole  cyst  or  echinococcus,  there  sometimes  persist  very  long  suppurating 
tracts,  which  fact  decidedly  is  a  disadvantage  as  compared  with  total 
extirpation  in  one  sitting.  But  the  procedure  is  so  much  safer  that,  for 
the  time  being,  it  must  still  be  held  for  the  normal  mode  of  treatment, 
and  resection  of  the  liver  together  with  the  cyst  or  echinococcus,  or  ex- 
tirpation must  be  reserved  for  cysts  located  in  particularly  favorable 
points,  e.g.,  on  the  anterior  border  of  the  liver  or  in  the  left  lobe. 
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Hepatopexy. — This  operation  was  performed  for  the  first  time  by 
Langenbuch.  The  patient  lying  on  his  back,  the  head  and  upper  body 
somewhat  hanging  down,  a  laparotomy  incision  is  made  parallel  with, 
and  not  far  below  the  costal  arch.  The  transversalis  fascia  and  the 
peritoneum  of  the  upper  edge  of  the  wound  are  strongly  drawn  forward. 
A  stitch  is  passed  close  to  the  costal  margin  through  the  muscles  and  the 
peritoneum,  next  through  the  liver  about  i  or  i  inch  from  its  lower  bor- 
der, taking  the  parenchyma  deeply  and  broadly,  then  again  through  the 
peritoneum  and  muscles  near  the  costal  arch.  Four  or  five  such  stitches 
are  laid.  A  few  strips  of  iodoform  gauze  are  slipped  in  different  points 
between  the  convexity  of  the  liver  and  the  diaphragm;  the  liver  is 
pressed  upward  against  the  diaphragm  and  the  threads  are  tied  sepa- 
rately without  pulling  much  on  them  as  otherwise  they  would  cut 
through  the  liver  substance.  The  iodoform  gauze  strips  are  intended 
to  bring  about  the  development  of  broad  and  solid  adhesions  between  the 
upper  surface  of  the  liver  and  the  parietal  peritoneum.  With  the  same 
aim  in  view,  Rovsing  scarifies  the  peritoneal  cover  of  the  liver  and  the 
parietal  peritoneum  in  the  same  way  as  for  a  gastropexy  (see  above, 
page  499) .  Frank  folds  around  the  lower  margin  of  the  liver  the  f ascia- 
and-peritoneum  flap  that  was  previously  drawn  forward  and  fastens 
it  there  by  a  fine  interrupted  suture.  The  outer  wound  is  altogether 
closed  by  tier  sutures  except  for  those  points  through  which  the  iodoform 
gauze  strips  are  brought  out.  Said  strips  are  left  two  weeks  in  situ. 
The  patients  stay  in  bed  at  least  four  weeks.  In  addition  to  this,  Lan- 
genJtmch  also  used  to  sever  the  round  ligament  and  to  graft  it  higher 
up  on  the  costal  arch  or  in  the  abdominal  wound.  In  subserous  chole- 
cystectomy. Hosier  employs  the  serous  sheath  of  the  gall-bladder  to  build 
a  new  suspensory  ligament.  The  technique  is  entered  more  into  detail 
in  the  Verhandlungen  der  Deutschen  Gesellschaft  filr  Chirurgie,  1907 
(Part  II,  page  487). 

Talma's  Operation  in  Cirrhosis  of  the  Liver. — This  operation 
serves  to  develop  as  extensive  as  possible  artificial  anastomoses 
between  the  portal  ramifications  and  the  inferior  vena  cava  and  to  do 
away  with  the  consequences  of  stasis  in  the  portal  territory.  It  has 
done  much  good  in  a  number  of  cases  and  as  it  is  a  simple  procedure 
it  deserves  a  more  detailed  description,  notwithstanding  the  fact  that 
it  has  also  failed  in  many  a  case.  I  follow  the  description  as  given 
by  Narathy  who  for  a  long  time  was  a  co-worker  with  Talma.  Among 
the  abdominal  organs  suitable  for  fixation  in  the  anterior  abdominal 
wall,  the  spleen  and  greater  omentum  rank  first.  But  the  cases  in 
which  the  spleen  can  be  sutured  in  the  abdominal  wall  are  not  particu- 
larly numerous,  as  we  generally  have  to  deal  with  patients  in  a  wretched 
condition  who  could  not  stand  a  serious  operation.  Therefore  omento- 
pexy is  the  technique  indicated  in  most  cases.  Under  ScMeich  local  infil- 
tration anesthesia,  in  very  favorable  cases  under  general  anesthesia,  the 
abdomen  is  opened  in  the  midline  just  above  the  navel,  on  the  left  side 
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of  the  round  ligament,  care  being  taken  to  spare  as  much  as  feasible  the 
paraumbilical  veins ;  the  ascitic  serosity  is  let  out  at  first  spontaneously, 
later  by  turning  the  patient  on  the  side  and  introducing  in  the  depend- 
ent points  a  long  metallic  catheter  provided  with  a  rubber  tube.  Then 
we  grasp  a  thick  bundle  of  the  greater  omentum  and  deliver  it  outside 
through  the  wound,  without  disturbing  the  natural  position  of  the  trans- 
verse colon.  The  cone  of  omentum  ought  to  contain  as  many  and  as 
large  bloodvessels  as  possible  and  be  as  thick  as  one  or  two  fingers  at 
the  point  where  it  passes  through  the  parietal  peritoneum.  The  incision 
in  the  linea  alba  is  narrowed  by  sutures  till  the  remaining  opening  is  still 
wide  enough  to  let  the  cone  of  omentum  pass  through  it  without  being 
submitted  to  pressure,  but  altogether  too  narrow  to  allow  the  transverse 
colon  to  squeeze  in  and  become  strangulated.  The  protruding  omentum 
is  then  united  by  a  few  fine  stitches  to  the  parietal  peritoneum  in  the 
vicinity  of  the  orifice  and  to  the  linea  alba,  the  veins  being  carefully 
avoided.  It  is  important  not  to  draw  the  omentum  so  far  out  that  the 
transverse  colon  should  be  dragged  too  near  the  abdominal  orifice.  There 
must  remain  in  the  abdomen  between  the  orifice  and  the  colon  enough 
omentum  to  allow  a  free  range  of  colic  mobility.  Under  Schleich  anes- 
thesia of  the  subcutaneous  connective  tissue,  we  dig  on  the  left  side  of 
the  navel,  bluntly  or  with  the  knife,  a  long,  deep,  subcutaneous  pouch 
directed  across  toward  the  left  and  we  fill  it  with  the  cone  of  omentum 
which  is  four  to  six  inches  long.  If  the  pouch  has  not  been  made  too 
wide,  further  fixation  of  the  omentum  is  not  necessary.  The  skin  wound 
is  totally  closed  with  special  care  and  we  apply  a  large  dressing  which 
does  not  exert  pressure  on  the  subcutaneously  transposed  omentum. 

Cholelithiasis 

I  do  not  intend  to  take  position  here  on  the  question  of  what  cases 
of  cholelithiasis  ought  to  be  operated  upon,  and  to  give  a  detailed  justi- 
fication of  my  stand :  nor  shall  I  discuss  whether  we  ought  to  make  our 
own  Riedel's  extreme  surgical  viewpoint  or  Kehr's  eclectic  ideas.  Many 
internists  are  inclined  to  advise  operation  only  when  general  peritonitis 
is  already  present  or  all  resources  of  internal  therapy  have  utterly 
failed,  when,  therefore,  they  are  at  their  wit's  end;  and  this  causes 
patients  to  reach  the  operating  table  in  a  most  pitiful  condition.  If 
such  cases  do  not  rally  from  the  operation,  it  is  proclaimed  as  often  as 
one  gets  a  chance  to  that  the  surgeon  himself  could  not  do  anything. 
But  I  believe  that  in  the  course  of  time,  early  operation  will  become  the 
operation  of  choice  in  cholelithiasis,  just  as  it  has  become  in  appendicitis. 
However,  by  early  operation  I  do  not  mean  that  we  ought  to  operate  on 
every  patient  outright,  but  that  we  should  operate  when  cholelithiasis  is 
confirmed  with  certainty,  when  a  stone  known  to  exist  has  not  been 
passed  in  the  last  paroxysm,  and  a  completely  quiescent  period  has  be- 
gun.    The  earlier  we  operate,  the  more  favorable  in  all  respects  will  un- 
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questionably  be  the  conditions :  adhesions  are  then  relatively  trifling,  and 
the  same  is  true  of  secondary  alterations  of  the  liver,  gall-bladder,  and 
bile-ducts.  The  gall-bladder  stands  a  better  chance  of  being  in  a  fit  condi- 
tion to  be  preserved.  In  one  word,  restitutio  ad  integrum  is  still  possible. 
It  seems  also  undoubted  to  me  that  early  operation  minimizes  the  danger 
of  development  of  a  carcinoma  of  the  gall-bladder  which  grows  extraor- 
dinarily frequently  on  the  ground  prepared  by  a  cholelithiasis  of  long 
duration.  I  shall  not  enter  into  more  detail  on  the  question  of  whether 
we  ought  systematically  to  perform  cholecystectomy  in  cholelithiasis, 
but  shall  be  chiefly  concerned  with  the  technique  of  gallstone  operations. 

It  may  be  superfluous  to  state  explicitly  that  in  writing  this  chapter, 
I  freely  made  use  of  Riedd^s,  Kdrte*s,  and  Kehr^s  fundamental  works, 
and  I  do  not  believe  either  that  any  of  these  authors  will  blame  me  for 
doing  it 

Patients  must  be  prepared  with  particular  care  for  operations  on  the 
biliary  tract  First  of  all,  the  bowel  must  be  thoroughly  emptied  by  a 
course  of  treatment  with  Carlsbad  salt.  If  severe  icterus  be  present. 
Mayo  Robson  advises  to  give  for  five  or  six  days  before  the  operation 
daily  doses  of  50  to  100  grains  of  calcium  chlorid  by  mouth  or  by  rectum, 
to  increase  the  clotting  power  of  the  blood  and  thereby  ward  off  the 
dreaded  cholemic  hemorrhages  depending  on  a  decreased  blood  coagula- 
bility. For  fear  of  those  cholemic  hemorrhages,  we  operate  during  the 
icteric  stage  only  when  compelled  by  urgent  motives  and  then  check  with 
quite  special  care  any  bleeding,  however  small  the  bloodvessel  it  comes 
from. 

Operations  on  the  gall-bladder  must  not  be  undertaken  without  gen- 
eral anesthesia.  The  patients,  who  frequently  have  already  received  much 
morphin  in  the  course  of  internal  treatment,  are  given  an  ordinary  dose 
of  the  same  drug  (or  of  scopomorphin)  and  are  anesthetized  with  ether, 
chloroform  being  used  as  an  adjuvant  in  case  ether  fails  to  suppress  ten- 
sion of  the  abdominal  muscles.  The  upper  part  of  the  body  is  slightly 
raised  and  a  thick  leather  pad  is  laid  under  the  loins;  or  the  lumbar 
region  is  brought  to  the  desired  degree  of  lordosis  by  means  of  the  al- 
ready mentioned  Koenig  block  (page  439)  and  thus  the  liver  is  pressed 
forward  against  the  anterior  abdominal  wall. 

Incision  (Fig.  584). — Kehr^s  bayonet  incision  begins  on  a  level  with, 
or  just  above,  the  ensiform  process,  divides  the  abdominal  wall  in  the 
median  line  down  to  about  the  middle  of  the  distance  between  said  ensi- 
form process  and  the  navel ;  thence  goes  obliquely  outward  and  down- 
ward across  the  rectus  abdominis  muscle,  sparing  as  much  as  possible  the 
tendinous  intersections  and  the  therein-contained  bloodvessels  and  nerves; 
finally,  at  the  limit  of  the  outer  third  of  the  muscle,  it  resumes  a  verti- 
cally descending  direction  and  ends  in  the  muscle  about  an  inch  below  the 
umbilicus.  The  muscle  being  divided,  the  posterior  layer  of  its  apo- 
neurotic sheath  is  split,  a  small  hole  is  made  into  the  peritoneum  in  the 
middle  of  the  incision,  and  this  opening  lengthened,  upward  with  el- 
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bowed  scissors  between  the  index  and  middle  fingers  of  the  left  hand 
slipped  into  the  abdominal  cavity  behind  the  parietes,  downward  with  a 
knife. 

Riedd,  for  simple  exposure  of  the  £:all-bladder,  makes  a  longitudinal 
incision  starting  high  up  on  the  costal  arch  or  farther  below  according 
to  the  situation  of  the  liver;  the  upper  third  of  said  incision  falls  upon 
the  liver,  the  two  lower  on  the  abdominal  cavity.  The  anterior  leaf  of 
the  sheath  of  the  rectus  is  opened,  the  fibres  of  the  muscle  are  separated 
bluntly  at  the  limit  of  its  inner  and  middle  thirds.  If  the  fifall-bladder 
lies  farther  laterally,  the  incision  is  also  displaced  accordingfly.  Careful 
ligation  of  the  bloodvessels  contained  in 
the  tendinous  intersections:  it  is  impor- 
tant before  each  new  division  of  struc- 
tures of  the  abdominal  wall  to  clamp 
and  ligate  whatever  bloodvessels  ooze  in 
the  layer  just  gone  through.  Riedel  lays 
then  three  or  four  silk  loops  throug^i  the 
anterior  leaf  of  the  sheath  of  the  rec- 
tus, brings  them  out  3  or  4  inches  later- 
ally  of  the  edges  of  the  incision  and 
ties  them  securely  together;  these  loops 
serve  to  draw  strongly  aside  the  edges 
of  the  rectus  and  to  keep  retractors 
and  hands  of  assistants  away  from  the 
wound.  Then  the  transversus  muscle 
and  the  posterior  leaf  of  the  sheath  of 
the  rectus  are  incised  and  the  i>eritoneum 
is  opened  for  the  whole  lenffth  of  the 
skin  incision. 

For  extirpation  of  the  gall-bladder 
and  wide  exposure  of  the  common  bile- 
*■""•  ^^'  duct,  Riedel  makes  an  oblique  incision 

beginning  high  up  over  the  ensiform 
process  and  running  parallel  with  the  costal  border  at  a  distance  of  U 
inches  from  the  latter  and  which,  if  necessary,  can  be  lengthened  up- 
ward but  does  not  go  beyond  the  navel.  Riedel  attributes  a  special 
importance  to  that  prolongation  upward.  The  rectus  muscle  is  split 
longitudinally  and  an  incision  made  through  the  transversus  and  the 
posterior  layer  of  the  sheath  of  the  rectus  parallel  with  the  costal  margin. 
To  get  a  wide  exposure  of  the  biliary  channels,  we  generally  make  an 
oblique  incision  parallel  with,  and  about  an  inch  distant  from  the  costal 
margin,  beginning  above  on  the  right  side  of  the  ensiform  process  and 
running  outward  and  downward  to  a  point  beyond  the  lateral  border  of 
the  rectus.  The  latter  is  divided  obliquely  along  the  course  of  the  inci- 
sion to  its  outer  border.  If  more  room  is  needed,  the  sheath  of  the  rec- 
tus is  split  vertically  downward  along  its  external  edge. 
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Korte  makes  an  oblique  incision  through  the  rectus,  beginning  over 
the  ensiform  process  and  extending  down  to  the  level  of  the  umbilicus  or 
even  lower,  or  an  angular  incision,  running  first  obliquely  outward  and 
downward,  then  vertically  downward.  The  rectus  is  cut  across  in  the 
upper  part  of  the  incision,  where  it  may  be  easily  repaired;  lower  down, 
its  fibres  are  separated  bluntly  in  a  longitudinal  direction.  Incisions  6 
to  8  inches  long  were  always  sufficient  for  Korte,  even  for  the  most  diffi- 
cult operations  on  the  bile-ducts,  while  Riedel  occasionally  made  some  12 
to  14  inches  long.  The  abdominal  cavity  being  opened,  the  fascia  trans- 
versalis  and  the  peritoneum  are  fastened  on  each  side  with  three  or  four 
Mikulicz  peritoneal  clamps  and  between  these  clamps  spread  in  radiating 
directions  around  the  wound  and  the  outer  wound  itself  a  thick  gauze 
compress  is  laid  and  fastened  in  the  angles  with  a  clothespin.  Moreover, 
the  operative  field  is  carefully  walled-off  withJarge  abdominal  towels  or 
pads,  so  that  nothing  can  leak  into  the  free  cavity.  A  similar  towel 
keeps  the  omentimi  and  colon  down,  another  is  placed  medianward 
against  the  stomach  and  duodenum,  one  upward  in  the  interstice  between 
the  liver  and  the  stomach,  and  one  outward  under  the  liver  in  the  region 
of  the  kidney.  If  the  portal  fissure  has  been  previously  exposed,  we 
must  always  insert  a  gauze  longuette  through  Winslow's  foramen  into  the 
omental  bursa.  We  use  dry  abdominal  towels,  while  Korte  moistens  his 
with  salt  solution.  For  ligating  adhesions,  we  use  fine  catgut  or  fine 
silk;  for  the  inner  suture  on  the  bile-ducts,  fine  catgut,  as  silk  knots  in- 
side the  biliary  tract  lead  to  incrustation  and  formation  of  new  concre- 
tions; in  all  other  circumstances,  we  always  use  fine  silk.  (The  abdomi- 
nal walls  are  repaired  as  explained  more  in  detail  in  the  introductory 
chapter. )  The  gall-bladder  is  then  very  prudently  freed  from  its  adhe- 
sions, during  which  liberation  the  above-mentioned  abdominal  pads  are 
successively  pushed  deeper  into  the  abdominal  cavity,  and  the  margin  of 
the  liver  is  held  upward  by  an  assistant  by  means  of  an  abdominal  towel. 
Whenever  possible,  we  tilt  the  liver  upward  around  the  transversal  hori- 
zontal axis  of  the  body :  this  can  be  done  only  in  case  the  right  lobe  is 
thin  and  projects  below  the  ribs,  but  not  when  it  is  thick,  rigid,  small 
and  hidden  behind  the  costal  gridiron.  When  the  gall-bladder  has  been 
made  accessible,  it  is  delivered  through  the  abdominal  wound  and  the 
operative  field  is  once  more  thoroughly  packed  all  around  before  the  gall- 
bladder is  incised.  If  the  walls  of  the  latter  are  resistant,  the  organ  is 
grasped  with  two  artery  forceps,  drawn  forward  by  means  of  those  and 
tapped  with  a  not  too  thin  trocar;  the  contents  are  let  out  in  a  basin  held 
ready  for  the  purpose,  and  through  the  trocar  some  sterile  saline  solution 
is  injected  to  wash  out  thoroughly  the  inside  of  the  gall-bladder.  An 
incision  is  then  made  between  the  two  artery  forceps,  the  evacuation  in 
a  basin  is  renewed,  or  the  inner  surface  of  the  gall-bladder  wiped  over 
with  a  thick  gauze  pad ;  the  gall-bladder  and  cystic  duct  are  squeezed 
empty  by  digital  pressure  and  whatever  concretions  are  found  are  re- 
moved.   Stones  impacted  in  the  neck  of  the  gall-bladder  or  the  cystic 
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duct  must  be  mobilized,  according  to  Korte,  through  an  incision  made  on 
the  internal  or  the  external  side:  the  incarcerating  ring  is  divided  with  a 
small  knife  from  the  inside  or  from  the  outside,  and  the  fingers  pressing 
cautiously  on  the  outer  surface  of  the  duct  try  to  push  back  the  stone 
into  the  gall-bladder.  Next  the  choledochus  is  thoroughly  palpated  from 
above  downward  between  the  index  introduced  into  Winslow's  foramen 
and  the  thumb.  During  this  step,  the  liver  must  be  strongly  drawn  up- 
ward, the  duodenum  and  stomach  downward.  A  lymph  gland  very  fre- 
quently found  near  the  neck  of  the  gall-bladder  must  not  be  mistaken  for 
a  stone.  If  the  biliary  channels  are  surely  completely  free  from  concre- 
tions, and  if  the  gall-bladder  shows  no  pathological  changes,  it  may  be 
closed  by  a  Czemy  suture,  that  is,  by  an  internal  seromuscular  interrupted 
catgut  suture  not  including  the  mucosa  and  an  external  burying,  contin- 
uous or  interrupted  Lembert  silk  suture.  But,  under  all  circumstances, 
it  is  always  safer  to  drain  the  gall-bladder,  and  consequently  to  perform 
cholecysia$iomy.  To  this  effect,  a  drainage-tube  of  at  least  pencil- 
size  is  pushed  into  the  gall-bladder  and  the  incision  in  the  latter  is  closed 
with  catgut  stitches  until  there  is  left  only  the  hole  for  the  tube.  To  pre- 
vent said  tube  from  slipping  out,  we  can  pass  a  purse-string  suture  through 
the  serosa  all  around  the  orifice  of  exit  and  moderately  tighten  it  around 
the  drain.  Next,  the  peritoneal  cover  of  the  gall-bladder  is  raised  in  a 
fold  on  each  side  of  the  tube,  as  for  a  Kader  gastrostomy  (see  Fig.  489, 
page  508)  so  that  the  tube  runs  for  about  half  an  inch  within  a  cylinder 
lined  all  around  with  serous  membrane.  This  has  the  advantage  that, 
when  the  tube  is  removed,  peritoneal  surfaces  favorable  for  the  develop- 
ment of  adhesions  are  brought  into  contact  According  to  Korte,  stitch- 
ing the  gall-bladder  to  the  parietal  peritoneum  is  not  necessary  in  chole- 
cystostomy.  No  harm  can  result  from  the  free  passing  of  a  certain  length 
of  tube  through  the  abdominal  cavity  if  the  above-described  method  of 
introduction  has  been  used,  as  it  eliminates  the  possibility  of  leakage 
around  the  tube ;  and,  as  soon  as  the  latter  is  removed,  the  serous  sur- 
faces adhere  together  with  untold  rapidity.  Stitching  the  gall-bladder 
to  the  abdominal  walls  causes  adhesions  which  later  may  provoke  pain. 
The  drain  is  left  in  place  eight  to  ten  days. 

In  case  of  markedly  altered,  friable  gall-bladder,  in  which  stitches 
cut  through  as  soon  as  passed,  the  tube  is  introduced  and  surrounded 
with  iodoform  gauze  strips.  But,  in  such  cases,  removal  of  the  gall- 
bladder with  drainage  of  the  hepatic  or  choledochus  ducts  is  to  be  pre- 
ferred. In  the  rare  cases  in  which  the  gall-bladder  can  be  completely 
repaired  primarily,  the  abdominal  walls  may  also  be  completely  closed. 

Cholecystectomy.— HowadsiySf  most  surgeons  remove  gall-bladders 
containing  stones,  and  Korte  avers  that  he  knows  of  no  case  in  which 
removal  of  the  gall-bladder  has  proved  prejudicial.  Once  the  organ  has 
been  emptied,  the  incision  in  its  walls  is  clamped  or  totally  sutured. 
Then  it  is  freed,  by  dull  dissection  as  much  as  feasible.  Adhesions  are 
always  divided  under  the  control  of  the  eye,  as  injury  to  the  duodenum 
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or  stomach  might  occur.  The  hemostasis  must  be  particularly  minute. 
A  superficial  incision  is  made  in  the  peritoneum  on  both  sides  of  the 
reflexion  fold  of  the  latter  from  the  liver  over  the  gall-bladder  and  all 
around  the  fundus,  and  the  gall-bladder  is  bluntly  detached  from  its  bed 
on  the  under  surface  of  the  liver  as  far  as  the  origin  of  the  cystic  duct: 
the  liberation  is  carried  on  in  the  fascial-like  space  existing  between  the 
two  organs  by  means  of  a  Kocher  spatula  or  by  stripping  with  a  gauze 
compress.  As  already  stated  in  the  preliminary  anatomical  data,  the 
cystic  duct  follows  a  tortuous  course  because  the  cystic  artery  does  not 
allow  it  to  straighten.  When  the  gall-bladder  has  been  freed  down  to 
the  origin  of  the  cystic  duct,  and  when,  besides,  the  liver  is  well  retracted 
upward  and  the  stomach,  duodenum  and  colon  downward,  we  see  two  lateral 
folds  arise  from  the  cystic  duct:  one  stretches  upward  to  the  posterior 
circumference  of  the  gastro-duodenal  ligament,  the  second  downward  to 


Fig.  585. 


the  colon ;  the  first  contains  the  cystic  artery,  the  second,  a  few  blood- 
vessels of  lesser  importance.  The  cystic  artery  is  a  powerfully  pulsating 
vessel  easy  to  feel  through  the  peritoneum:  a  ligature  is  carried  around 
it  with  a  needle;  it  is  ligated  near  the  gall-bladder  and  in  another  and 
more  distal  point  and  severed  between  both  ligatures.  A  similar  treat- 
ment is  applied  to  the  fold  extending  to  the  colon:  then  the  cystic  duct 
can  be  straightened  (Fig.  585) .  It  is  clamped  in  two  points,  once  close  to 
the  choledochus  and  once  more  peripherally,  and  severed.  The  central 
end  may  be  touched  with  a  Paquelin  tip  or  wiped  over  with  a  compress 
moistened  with  lysol  solution.  Invariably  before  this  step,  a  thick  gauze 
wick,  made  out  of  a  long  and  narrow  gauze  compress  twisted  around  its 
axis  must  be  introduced  into  Winslow's  foramen.  Then  it  becomes  easy 
to  open  and  probe  the  duct  and  to  split  it  with  knobbed  scissors  as  far  as 
the  commwi  bile-duct.  The  edges  resulting  from  the  extension  of  the 
splitting  to  the  choledochus  are  each  fastened  with  an  artery  forceps. 
■Rius  we  most  easily  reach  the  choledochus.     If  the  cystic  duct  is  thin 
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and  little  resistant,  and  the  common  duct  also  thin  and  easy  to  palpate, 
the  cystic  is  ligated  and  the  ligature  buried  under  a  fine  suture  of  catgut 
or  silk.  Next,  the  bed  of  the  gall-bladder  on  the  under  surface  of  the 
liver,  which  had  been  packed  in  the  meanwhile,  is  carefully  inspected. 
Spurting  vessels  may  have  to  be  ligated  with  ligatures  carried  around 
them  by  means  of  strongly  curved  intestinal  needles  (see  above).  Cau- 
terization of  the  liver-bed  is  a  defective  method  but  very  seldom  resorted 
to.  In  the  liver-bed  we  lay  an  iodoform  gauze  strip,  and  over  the  cys- 
tic stump  a  drain  of  sufficient  calibre  and  resistance.  In  addition,  Korte 
introduces  between  the  stomach,  bowel,  and  liver,  a  piece  of  protective 
silk  sterilized  in  steam,  and  intended  to  prevent  as  much  as  possible 
adhesions  between  these  organs.  For  the  same  purpose,  Lennander  uses 
so-called  rubber  dam  which  he  fastens  in  place  by  a  catgut  suture.  This 
smooth  rubber  sheet  prevents  effectively  adhesion  formation.  When  the 
common  duct  is  inflamed,  drainage  of  the  same  (see  below)  is  advisable. 
The  cavity  of  the  wound  is  wiped  with  gauze  sponges  moist  with  lysol  or 
lusof orm  solutions.  Korte  uses  hot  saline  solution.  Removal  of  the  pads ; 
suture  of  the  abdomen. 

Choledochotomy  (Fig.  586). — To  expose  the  whole  length  of  the  com- 
mon bile-duct,  the  liver  must  be  turned  over  upward,  which  sometimes  re- 
quires preliminary  section  of  the  round  ligament  of  the  liver  between  two 
ligatures.  An  assistant  with  his  hand  wrapped  in  gauze  holds  the  stom- 
ach, duodenum,  omentum,  and  colon  toward  the  midline,  another  draws 
outward  and  upward  the  liver  and  the  external  edge  of  the  wound  by 
means  of  a  large  Korte  retractor  also  wrapped  in  gauze  (see  Fig.  586). 
Then  the  hepato-duodenal  ligament  lies  free,  provided  we  already  have 
thoroughly  bared,  as  said  above,  (but  not  divided)  the  gall-bladder  and 
the  cystic  duct. 

In  regard  to  the  position  of  the  different  structures  contained  within 
the  ligament,  I  refer  to  the  anatomical  introduction. 

While  a  normal  common  bile-duct  has  only  very  thin  walls  and  a  nar- 
row lumen,  when  chronically  dilated  and  more  or  less  completely  obstructed 
in  its  terminal  part  near  the  duodenum,  it  appears  as  a  thick  cylindrical 
structure,  situated  farthest  to  the  right  in  the  ligament.  Before  being 
opened,  it  is  first  fastened  by  means  of  two  silk  loops,  while  a  finger 
introduced  into  Winslow's  foramen  pushes  it  forward.  A  gauze  com- 
press is  slipped  underneath  and  the  duct  incised  parallel  with  its  long 
axis.  In  case  of  extensive  adhesions  around  the  choledochus,  the  latter 
sometimes  cannot  be  found  except  by  starting  from  the  cystic  duct. 
Catheterization  of  the  latter  duct  may  often  prove  difficult,  or  even  be 
impossible  altogether  on  account  of  the  therein-contained  valvules.  In 
such  cases,  the  cystic  duct  must  be  followed  and  split  for  its  whole  length. 
Once  the  common  bile-duct  is  opened,  a  frequently  enormous  amount  of 
thick  bile  flows  out  if  biliary  stasis  was  present  before  the  operation, 
and  with  flexible  probes  the  inside  of  the  canal  is  explored  for  concre- 
tions in  both  directions,  down  to  the  papilla  and  up  to  the  larger  intra- 
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hepatic  ramifications.  When  the  choledochus  is  very  markedly  dilated, 
we  may  often  slip  the  little  finger  into  it  and  easily  palpate  its  inner  sur- 
face toward  the  duodenum.  Often  also,  removal  of  concretions  is  suc- 
cessfully effected  by  cautiously  squeezing  between  the  fingers  the  duct 
from  the  duodenum  toward  the  liver,  or  grasping  the  stones  with  long 


Fig.  586. 


and  slender  dressing  forceps,  or  scooping  them  out  by  means  of  the  gall- 
stone spoon  with  flexible  stem  devised  by  Riedel.  Blunt  strabismus 
hooks  are  also  frequently  used  to  loosen  concretions.  Stones  impacted 
in  the  retroduodenal  segment  of  the  choledochus  can  be  reached,  if  the 
methods  previously  described  do  not  bring  them  out,  by  mobilizing  the 
duodenum  after  Kocher's  method,  or  even,  in  particularly  difficult  cases. 
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by  opening  the  duodenum  on  its  anterior  aspect  and  dislodging  through 
this  incision  the  stone  impacted  in  the  papilla  (retro-  and  transduodenal 
choledochotomy) . 

To  mobilize  the  duodenum,  Kocher  incises  with  caution  the  i)erito- 
neum  of  the  posterior  abdominal  wall  above  the  right  kidney  about  half 
an  inch  from  the  convex  border  of  the  duodenum,  and  with  the  finger 
and  a  gauze  compress,  pushes  it  bluntly  toward  the  left  until  the  head  of 
the  pancreas  is  seen.  Due  attention  must  then  be  paid  to  the  retroduo- 
denal  venous  plexus  situated  below  the  head  of  the  pancreas.  If  there  is 
any  hemorrhage,  the  bleeding  vessels  are  clamped  and  ligated,  or  a  pack- 
ing is  temporarily  applied.  If  the  choledochus  has  been  previously 
exposed  along  its  whole  course  down  to  the  papilla,  we  frequently  suc- 
ceed in  pushing  back  the  concretion 
into  the  central  part  without  opening 
the  duct. 

Opening  the  duct  in  its  retroduo- 
denal  and  intrapancreatic  segment  and 
in  the  ampulla  Vateri  is  an  operation 
still  dreaded  by  many  surgeons,  be- 
cause, particularly  when  the  incision 
affects  the  ampulla,  it  may  lead  to  the 
development  of  a  duodenal  fistula  with 
all  its  serious  sequelae,  inanition  and 
infection.  On  this  account  most  sur- 
geons prefer  transduodenal  to  retro- 
duodenal  choledochotomy  In  trans- 
duodenal choledochotomy  (see  Fig. 
587),  the  duodenum  is  widely  opened 
f  "^-  587.  transversely  on  its  anterior,  peritone- 

um-covered surface.  The  upper  and 
lower  edges  of  the  incision  are  each  held  by  means  of  a  silk  loop;  the 
pyloric  region  is  compressed  between  the  fingers  of  an  assistant,  so  as  to 
avoid  as  much  as  possible  leakage  of  stomach  contents.  Whatever  intesti- 
nal matter  escapes  is  intercepted  by  gauze  pads.  Then  a  knob-end  grooved 
director  is  introduced  in  the  duodenal  papilla,  and  the  latter,  the  ampulla, 
and  the  choledochus  are  split  along  the  groove  of  the  instrument  as  far 
as  is  found  necessary  to  remove  the  stone.  The  wall  of  the  choledochus, 
together  with  its  mucosa,  is  sutured  with  that  of  the  duodenum  up  to  the 
upper  angle  of  the  wound  ( Kocher'. t  cholettocho-duodenoatomy).  The 
transversal  wound  in  the  duodenum  is  then  repaired  by  a  particularly 
careful  Czemy  intestinal  suture.  In  retro-  as  well  as  in  transduodenal 
choledochotomy,  a  drainage-tube  and  a  strip  of  iodoform  gauze  are  intro- 
duced behind  the  duodenum  or  in  the  region  of  the  line  of  suture  and 
brought  out  through  the  external  angle  of  the  wound.  But,  besides, 
under  all  circumstances,  the  hepatic  dtsct  or  the  choledochus  mast  be 
drained.    The  tube  employed  for  the  drainage  must  correspond  in  size 
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to  the  calibre  of  the  choledochus.  It  does  not  make  much  difference 
whether  the  tube  is  introduced  toward  the  intestine  or  toward  the  hepatic 
duct :  however,  the  T-shaped  rubber  tubes  (see  Fig.  588)  recently  recom- 
mended by  Kehr  seem  quite  practical;  they  insure  free  drainage  of  the 
bile  outside  and  at  the  same  time  render  possible  the  passage  of  some  of 
it  from  the  hepatic  into  the  duodenal  part.  But  it  is  absolutely  essential 
that  the  rubber  tube  (see  also  above,  about  Injuries  of  the  gall-bladder) 
should  be  made  in  one  single  piece,  as,  otherwise,  the  cross  part  would 
perhaps  work  loose  from  the  outer  longitudinal  tube  and  remain  in  the 
choledochus  when  the  drain  is  removed.  The  segment  lying  within  the 
hepatic  duct  must  be  about  |  inch  long,  that  in  the  choledochus  may  be 
very  short,  hardly  i  inch  or  even  less.  Introducing  the  T-tube  into 
the  choledochus  rid  from  its  stones  does  not  present  any  difficulty  at  all. 
Then  it  is  pushed  as  far  as  possible  toward  the  duodenum,  and  the  seg- 
ment of  th«  slit  in  the  duct  situated  toward 
the  liver  is  carefully  closed  with  fine  silk 
stitches  (see  Fig.  588,  a,  6).  On  each  side 
of  the  drain  is  placed  a  tampon  of  iodoform 
gauze.  Thus,  when  the  tube  will  be  re- 
moved on  the  twelfth  or  fifteenth  day  after 
the  operation,  almost  no  violence  will  be 
exerted  on  the  suture  itself  and  primary 
healing  of  the  common  duct  will  not  be  im- 
paired.   During  the  first  five  days  the  bile 

escapes  almost  exclusively  outside:  on  the  /,'"      XPaptwa 

sixth  day,  the  external  tube  must  be  either  /     ^"odenv 

constricted  with  a  forceps  or  tied,  so  as  to  pic.  588. 

compel  the  bile  to  flow  into  the  duodenum 

through  the  segment  of  tube  lying  within  the  choledochus.  If  there 
still  persists  an  obstacle  toward  the  duodenum,  the  bile  will  leak  along 
the  external  tube  in  the  gauze  tampons:  this  has  no  inconvenience  at  that 
time  (that  is,  a  week  after  the  operation)  because  the  abdominal  cavity 
is  then  safely  walled-off  by  adhesions.  Thereby  we  learn  that  there  is 
still  an  obstacle  near  the  duodenum  and  are  enabled  to  formulate  plans 
for  any  further  measures  that  may  be  necessary.  The  drainage-tube  is 
habitually  removed  between  the  twelfth  and  fifteenth  days. 

Poppert's  water-tight  drainage  of  the  hepatic  duct  does  not  differ 
materially  from  the  preceding.  Poppert  takes  a  Nilaton  catheter  of  pen- 
cil-size, introduces  it  li  or  2  inches  the  way  it  goes  easier,  either  centrally 
or  peripherally,  in  the  hepatic  duct  and  closes  the  slit  by  a  silk  suture; 
the  first  stitch  taking  a  square  bite  in  the  wall  of  the  catheter  to  prevent 
the  latter  from  slipping  out.  He  leaves  the  threads  long,  brings  them 
out  through  the  outer  wound,  and  packs  all  around  the  catheter  with  three 
or  four  iodoform  gauze  strips. 

In  those  cases  in  which,  owing  to  inflammation  or  tumors,  the  com- 
mon bile-duct  is  blocked  at  the  duodenal  papilla,  the  only  possible  remain- 
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ing  channel  for  the  bile  is  an  anastomosis  established  between  the  gall- 
bladder and  the  duodenum  or  another  part  of  the  small  intestine.  In 
most  eases,  we  have  to  deal  with  a  neoplastic  obstruction  in  which  the 
gall-bladder  is  usually  dilated,  and  making  a  cholecyato-duodenostomy 
or  a  cholecysto-enteroatomy  exactly  in  the  same  way  as  an  entero- 
anastomosis  is  no  very  difficult  task.  The  gall-bladder  may  be  first  emp- 
tied by  tapping,  then  a  sufficient  large  portion  of  its  walls  is  clamped 
together  with  the  duodenum  or  a  high  jejunal  loop  and  the  communica- 
tion is  established. 

Hepatico'duodenostonty  was  also  performed  by  Mayo  Robson  for 
choledocic  obstruction  supervening  some  time  after  a  cholecystectomy. 

HepatO'cholangio-enter ostomy,  that  is,  the  establishment  of  a  com- 
munication between  the  jejunum  and  the  larger  intrahepatic  biliary 
channels,  was  performed  without  much  success  by  Kehr  on  a  seriously 
jaundiced  female  patient  in  whom  he  had  previously  removed  the  gall- 
bladder and  made  a  gastro-enterostomy,  because  the  common  duct  was 
imbedded  in  hard  callous  tissue,  which  prevented  the  flow  of  bile  into 
the  bowel. 

EnderlenhSiS  experimentally  studied  that  question  of  hepato-cholangio- 
enterostomy.  He  comes  to  the  conclusion  that  indications  for  this  opera- 
tion are  very  rare,  and  that  it  may  sometimes  be  justified  only  in  case  of 
cicatricial  obstruction  of  the  bile-ducts  not  amenable  to  any  other  method, 
but  that  there  is  valid  evidence  that  an  anastomosis  established  in  that 
class  of  cases  remains  permanently  patulous.  In  his  "Operative  Tech- 
nique," Kocher  makes  further  suggestions  to  improve  this  operation. 
But,  nevertheless,  such  cases  as  Kehr's  prove  that,  sometimes,  indiscrim- 
inate removal  of  the  gall-bladder  may  work  great  harm. 

Hosier  formulates  the  standard  indications  of  cholecystectomy  as 
accepted  in  the  Halle  clinic  as  follows:  "Every  gall-bladder  containing 
stones,  inflamed,  or  otherwise  pathologically  altered,  is  extirpated,  except 
when  there  are  concomitant  lesions  of  the  deep  segment  of  the  common 
duct,  of  the  pancreas  and  its  vicinity,  as  in  those  cases  the  gall-bladder 
may  later  become  invaluable  for  an  ulterior  anastomosis." 

After  all  these  operations  the  external  wound,  barring  the  openings 
necessary  for  the  drainage-tube  and  the  packing,  is  carefully  repaired  by 
several  tiers  of  sutures,  particular  attention  being  paid  to  reuniting  well 
cross  incisions  through  the  right  rectus  muscle.  If  a  tube  is  left  in  the 
gall-bladder  or  in  the  hepatic  or  common  ducts,  its  free  end  is  brought 
outside  through  the  dressing  on  the  surface  of  which  it  is  fastened  with 
adhesive  plaster,  and  connected  by  means  of  a  glass  adjustment  with  a 
second  tube  which  leads  the  bile  into  a  small  bottle. 

Most  patients  operated  on  for  gall-stones  vomit  during  a  relatively 
long  period.  If  vomiting  lasts  more  than  twenty-four  hours,  wash  cau- 
tiously the  stomach.  An  early  bowel  movement  must  be  secured,  at  the 
latest  on  the  fifth  day  after  operation.  From  the  day  of  operation,  the 
patients  are  made  to  practise  diligently  and  perseveringly  respiratory 
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exercises :  the  packing  must  be  removed  around  the  fifth  or  sixth  day,  a 
gall-bladder  drain  after  ten  days,  a  hepatic  duct  drain  after  about  two 
weeks.  A  thorough  after-treatment  with  Carlsbad  salt  does  the  patients 
much  good. 

In  carcinoma  of  the  gall-bladder,  when  the  neoplasm  is  still  limited 
to  the  walls  of  the  gall-bladder  and  the  neighbpring  part  of  the  liver  and 
no  metastases  are  present,  resection  of  the  liver,  together  with  the  gall- 
bladder, in  the  previously  described  manner,  is  indicated. 

In  so-called  gallstone  ileus,  i.e.,  impaction  in  the  duodenum  of  a  large 
stone  which  has  generally  broken  through  the  walls  of  the  gall-bladder 
and  those  of  the  intestine,  the  diagnosis  has  very  seldom  been  made 
before  operation.  Generally  the  latter  was  imdertaken  for  intestinal 
obstruction,  and  the  obstacle  recognized  as  a  gallstone  only  after  the  gut 
was  opened.  If  we  should  find  such  an  impacted  gallstone,  it  is  best  to 
incise  the  bowel  lengthwise,  then  to  draw  and  suture  the  incision  cross- 
wise so  as  not  to  leave  any  narrowed  point  behind.  Very  frequently  a 
second  stone  as  large  as  the  first,  or  even  larger,  still  remains  in  the  gall- 
bladder, and  once  it  has  reached  the  bowel  may  catch  into  the  stenosed 
passage. 

Ligation  of  the  Hepatic  Artery. — This  operation  was  performed  a 
few  times  for  aneurysms  or  injuries  of  the  hepatic  artery.  Kehr  devotes 
a  special  chapter  to  aneurysms  of  the  hepatic  artery  in  his  work:  ** Tech- 
nique of  Gallstone  Operations"  (1905,  Lehmann,  Munich,  page  283  and 
following)  and  after  careful  consideration  of  the  literature  and  statistics 
on  the  question  discusses  therein  the  opinions  about  the  symptoms, 
diagnosis,  and  operative  treatment  of  aneurysms  of  said  artery.  Re- 
cently, Bvdde  (Deutsche  Zeitschrift  far  Chirurgie,  Bd.  86,  page  18)  stud- 
ied more  in  detail  in  about  one  hundred  cadavers  the  topographical 
relations  and  variations  of  the  hepatic  artery.  According  to  Btuide,  in 
case  of  obstruction  of  the  hepatic  artery,  the  phrenic  arteries  which  nor- 
mally arise  from  the  coeliac  axis  may  play  a  vicarious  r61e.  But  this  will 
happen  only  when  said  collateral  circle  has  time  to  develop,  consequently 
when  a  thrombosis  or  an  aneurysm  sets  a  slowly  developing  obstacle  in 
the  path  of  the  blood-stream.  On  the  contrary,  in  a  normal  hepatic 
artery,  ligation  is  permissible  only  above  the  origin  of  the  right  gastric 
artery  (see  Fig.  480) ,  on  the  ascending  branch  of-  the  hepatic  artery, 
because  then  the  development  of  a  sufficient  collateral  circle  is  still  pos- 
sible through  the  anastomoses  between  the  right  and  left  gastric  arteries 
(right  and  left  coronaries) .  Such  a  ligation  was  performed  with  success 
by  Kehr.  The  deep  situation  of  the  artery  protects  it  against  injuries 
during  operations.  But,  according  to  Budde,  it  is  interesting  for  sur- 
geons to  know  that  the  cystic  artery  or  even  the  whole  right  branch  of 
the  hepatic  artery  may  cross  over  the  cystic  duct  and  may  be  wounded 
during  exposure  of  the  hepatic  duct. 
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(D)  Surgery  of  the  Pancreas 

The  pancreas  lies  retroperitoneally,  chiefly  behind  the  stomach.  Only 
in  case  of  marked  gastroptosis  can  it  often  be  felt  above  the  lesser  cur- 
vature under  the  shape  of  a  transversal  oblong  mass  resting  directly  over 
the  vertebrae  and  covering  the  aorta.  We  distinguish  in  the  pancreas  a 
head  enclosed  within  the  concavity  of  the  vertical  part  of  the  duodenum, 
a  body  crossing  directly  in  front  of  the  second  lumbar  vertebra  and  a  tail 
extending  to  the  hilum  of  the  spleen.  Behind  the  pancreas  are  the  aorta, 
the  superior  mesenteric  artery  and  the  inferior  vena  cava.  Both  pan- 
creatico-duodenal  arteries,  the  superior  arising  from  the  hepatic  artery, 
the  inferior  from  the  superior  mesenteric,  anastomose  together  in  front 
of  the  head  of  the  pancreas  in  the  groove  between  the  duodenum  and  the 
latter.  In  the  interval  between  the  inferior  horizontal  part  of  the  duo- 
denum and  the  head  of  the  pancreas  runs  upward  the  greater  mesenteric 
vein  which,  together  with  the  splenic,  forms  the  portal  vein,  and  to  the 
left  of  said  greater  mesenteric  vein  is  the  superior  mesenteric  artery 
running  downward  in  the  root  of  the  mesentery.  Along  the  upper  border 
of  the  pancreas,  and  possibly  a  little  covered  by  it,  lie  the  splenic  artery 
and  vein.  Along  the  lower  border  runs  the  line  of  posterior  attachment 
of  the  transverse  mesocolon.  The  tail  of  the  pancreas  overlies  partly  the 
left  kidney.  Behind  the  head  are  found  the  inferior  vena  cava  and  the 
portal  vein,  and  also  the  bloodvessels  of  the  right  kidney,  while  those  of 
the  left  kidney  are  covered  by  the  body  and  tail  of  the  pancreas.  The 
common  bile-duct  lies  in  the  angle  between  the  head  of  the  pancreas  and 
the  junction  of  the  superior  horizontal  with  the  vertical  portion  of.  the 
duodenum  and,  as  already  stated,  is  very  frequently  completely  sur- 
rounded by  pancreatic  tissue.  The  excretory  duct  of  the  pancreas,  Wir- 
sung's  duct,  opens  almost  always  separately  from  the  choledochus  on  the 
floor  of  the  duodenal  papilla,  according  to  v.  Bugner.  Therefore  in  dis- 
eases of  the  common  bile-duct  or  of  Wirsung's  duct,  the  symptoms  devel- 
oping therefrom  will  be  referable  only  to  one  of  the  two  ducts.  On  the 
contrary,  if  the  morbid  process  involves  not  the  ducts,  but  the  surround- 
ing structures,  if  the  aperture  on  the  duodenal  papilla  becomes  blocked 
by  catarrh  of  the  mucosa,  migration  of  large  gallstones  in  the  ampulla 
of  the  papilla  (Vater's  diverticulum)  or  by  a  newgrowth  (carcinoma), 
retention  both  of  bile  and  pancreatic  juice  must  ensue.  In  inflammatory 
processes  or  tumors  of  the  head  of  the  pancreas,  the  choledochus  and 
Wirsung's  duct  are  very  often  implicated.  The  anterior  aspect  of  the 
pancreas  is  covered  by  a  thin  peritoneal  leaflet  which  passes  downward 
into  the  transverse  mesocolon.  Behind,  the  pancreas  possesses  a  rather 
dense  capsule  from  which,  under  normal  circumstances,  it  can  be  shelled 
out,  but  which  blends  early  with  the  pancreatic  tissue  in  inflammations 
and  neoplasms,  so  that  radical  removal  of  the  pancreas  becomes  exceed- 
ingly difficult    The  best  way  of  approach  to  the  pancreas  is  below  the 
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greater  curvature  of  the  stomach.  If  we  separate  there  the  gastrocolic 
ligament  from  the  peritoneal  layer  forming  the  transverse  mesocolon, 
we  can,  after  lifting  the  stomach  upward,  survey  the  whole  pancreas 
from  its  head  to  its  tail.  In  case  of  marked  gastroptosis,  we  also  succeed 
in  reaching  the  pancreas  above  the  lesser  curvature  after  dividing  the 
lesser  omentum  (hepatogastric  ligament)  which  contains  but  few  blood- 
vessels, but  the  access  is  not  as  free  as  below  the  greater  curvature. 
The  posterior  route  to  the  pancreas  in  the  costo-vertebral  angle  above 
the  renal  vessels,  laterally  of  the  vena  cava  on  the  right  side,  of  the 
aorta  on  the  left,  is  not  practical,  owing  to  the  numerous  vessels  of  the 
region  and  the  depth  at  which  we  have  to  go  to  find  the  pancreas. 

Injuries  of  the  Pancreas. — Subcutaneous  injuries  by  blunt  vulnerat- 
ing  agents,  crushings,  as  well  as  stabs,  or  gunshot  injuries  have  fur- 
nished occasions  for  surgical  treatment.  The  operation  was  undertaken 
in  most  cases  for  symptoms  of  peritonitis  and  the  pancreatic  lesion  was 
first  revealed  by  the  presence  of  hemorrhage  later  traced  to  the  gland, 
or  by  the  finding  in  the  abdominal  cavity  of  disseminated  foci  of  fat 
necrosis.  As  stated  above,  the  best  route  is  through  the  greater  omen- 
tum between  the  stomach  and  the  transverse  colon:  the  omentum  is 
doubly  ligated  close  to  the  greater  curvature,  care  being  taken  to  leave 
the  mesocolon  intact,  and  severed  between  the  ligatures.  Then  the 
colon  is  maintained  downward,  the  stomach  upward,  the  omental  bursa 
carefully  cleaned  of  blood  and  the  pancreas  and  the  voluminous  blood- 
vessels in  the  vicinity  explored  as  well  as  possible  for  injuries.  In  opera- 
tions, of  this  type,  parts  of  the  movable  tail  of  the  pancreas  have  been 
successfully  removed,  or  tears  in  the  pancreatic  tissue  have  been  happily 
sutured,  but  also  fragments  of  the  gland  have  sometimes  been  observed 
to  undergo  necrosis  after  a  packing  had  been  left  in  place.  Always 
introduce  a  drainage-tube  and  one  or  two  iodoform  gauze  wicks  down  onto 
the  injured  point  and  bring  them  out  through  the  most  suitable  spot  of 
the  abdominal  incision,  while  the  rest  of  the  latter  is  repaired  by  super- 
posed tiers  of  sutures.  To  avoid  fistulae  after  inflammations  or  injuries 
of  the  pancreas,  Wohlgemuth  recommends  to  prescribe  an  antidiabetic 
diet  after  all  operations  on  the  pancreas. 

Acute  Inflammations  of  the  Pancreas. — The  symptoms  are  very 
much  like  those  of  a  perforated  ulcer  of  the  stomach.  They  are:  A  very 
sharp  pain  in  the  upper  abdominal  region,  with  sudden  onset,  bulging 
and  tympany  of  the  epigastrium,  violent  vomiting  as  in  high  obstruction 
of  the  small  intestine,  not  fecaloid,  often  bilious  in  character,  deep 
prostration  with  very  rapid  pulse.  Rectal  temperature  higher  than 
normal  while  that  taken  in  the  axilla  remains  low.  In  such  cases,  we 
make  above  the  navel  a  median  laparotomy  incision  as  short  as  possible. 
The  characteristic  fat  necrosis  and  the  free  bloody  serous  fluid  in  the 
abdominal  cavity  lead  soon  to  the  right  diagnosis.  We  go  as  quickly  as 
possible  to  the  pancreas,  between  the  colon  and  stomach  (as  said  above) 
if  anatomical  relations  are  normal,  through  the  lesser  omentum  if  the 


630  SURGERY  OF  THE  ABDOMEN 

■ 

stomach  is  lowered,  pack  liberally  and  by  this  packing  open  a  channel 
for  the  free  drainage  outside  of  any  secretion  that  may  be  found.  Drain- 
age has  also  sometimes  been  successfully  established  through  Winslow's 
foramen  or  through  the  transverse  mesocolon,  that  is,  below  the  trans- 
verse colon.  If  the  condition  of  the  patient  permits,  it  might  be  advis- 
able to  split  as  best  we  can  the  anterior  peritoneal  covering  of  the 
pancreatic  capsule,  as  otherwise  the  exudate  might  burrow  between  the 
layers  of  the  transverse  mesocolon  and  spread  fat  necrosis  to  other  parts 
of  the  abdomen.  On  the  contrary,  incisions  in  the  substance  of  the 
gland  proper  are  not  advisable. 

It  is  surprising  what  a  notable  improvement  such  a  minor  interven- 
tion often  brings  momentarily  in  the  condition  of  the  patient.  Hahn 
was  the  first  to  call  attention  to  the  curative  value  of  drainage  through 
an  incision  as  small  as  possible,  after  having  a  series  of  happily  termi- 
nated cases. 

If  a  fistula  persists,  we  may  prescribe  Wohlgemuth'^ s  diet.  In  case  of 
need,  fistulae  of  that  type  were  also  successfully  excised,  by  Bardenheuer 
and  Mayo  Robson,  for  instance.  In  chronic  pancreatitis  with  stenosis  of 
the  common  bile-duct,  we  may  try  temporarily  to  divert  the  bile  outside 
through  a  choledochotomy.  But  when  the  flow  of  bile  into  the  duodenum 
is  not  normally  resumed  after  a  few  weeks,  cholecysto-enterostomy  must 
be  resorted  to.  Cholecystotomy  is  only  a  necessity  makeshift,  as  tiien  all 
the  bile  escapes  outside. 

Tumors  of  the  pancreas  may  perhaps  be  excised  radically  when  they 
belong  to  the  tail  of  the  organ;  otherwise  the  possibility  of  a  thorough 
ablation  is  very  problematic. 

Pancreatic  stones  must  be  removed  either  retroduodenally  after 
mobilization  of  the  duodenum  by  Kocher's  method,  or  through  the  duo- 
denum. Suture  of  Wirsung's  duct  is  not  feasible.  Drainage  and  pack- 
ing are  indispensable. 

Cysts  of  the  Pancreas. — They  generally  develop  between  the  stomach 
and  transverse  colon  so  that  the  former  is  crowded  upward,  the  latter 
downward.  More  seldom,  they  bulge  above  the  stomach  between  the 
lesser  curvature  and  the  liver,  between  both  layers  of  the  transverse 
mesocolon.  The  direction  of  the  incision  made  to  reach  them  is  dictated 
by  the  place  where  the  cyst-wall  applies  most  directly  on  the  abdominal 
wall :  consequently,  according  to  cases,  the  incision  will  be  made  either 
vertically  in  the  midline  on  a  level  with  the  centre  of  the  absolute  dulness 
area,  or  farther  laterally  with  blunt  separation  of  the  fibres  of  the  rectus. 
A  circular  area  of  the  cyst-wall,  measuring  at  least  from  li  to  2  inches  in 
diameter,  is  stitched  all  around  with  fine  silk  to  the  parietal  peritoneum 
and  fascia  transversalis,  and  the  rest  of  the  abdominal  wound  is  closed. 
The  opening  of  the  cyst  takes  place  a  few  days  later,  when  sufficient 
adhesions  have  developed  between  the  cyst-wall  and  the  parietal  perito- 
neum. If  we  do  not  succeed  in  completely  suturing  the  cyst,  we  may 
carefully  pack  all  around  with  iodoform  gauze  and  wait  for  the  organs 
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overlying  the  cyst  to  adhere  to  the  parietal  peritoneum.  Before  opening 
the  cyst,  we  smear  the  surrounding  skin  with  a  fatty  salve  (boric  acid 
ointment)  to  protect  it  against  the  very  irritating  cyst  contents  and  to 
prevent  a  very  troublesome  and  painful  eczema.  After  the  opening,  we 
introduce  a  drain  into  the  cavity  and  pack  the  latter  moderately  firmly; 
and  later  we  also  give  Wohlgemuth' s  diet.  The  sinuses  often  close  after  a 
few  weeks,  but  often  also  last  for  months,  or  even  remain  permanently 
open.  Secondary  extirpation  of  fistulae  was  successfully  performed  by 
Bardenhetier,  Rohson,  Wolfier.  Martens  was  able  to  remove  the  totality 
of  a  cyst,  but  this  is  practicable  only  in  particularly  favorable  cases.  This 
latter  method  entails  some  risk  of  injury  to  the  neighboring  organs,  par- 
ticularly of  the  posterior  wall  of  the  stomach  to  which  the  cyst  generally 
adheres  very  firmly.  Extirpation  succeeds  best  when  the  cyst  develops 
from  the  tail  of  the  pancreas. 

(E)  Surgery  of  the  Spleen 

The  normal  spleen  lies  on  the  left  side  in  the  hollow  of  the  dia- 
phragm, on  a  level  with  the  ninth,  tenth  and  eleventh  ribs:  its  external 
surface  is  covered  by  the  skin,  the  bony  thoracic  wall,  the  costo-dia- 
phragmatic  sinus,  also  by  the  lower  edge  of  the  lung  when  the  latter  is 
expanded,  the  costal  insertions  of  the  diaphragm  and  the  peritoneum. 
The  peritoneum  wraps  it  almost  entirely,  the  serous  lining  lacking  only 
at  the  hilum  and  where  the  tail  of  the  pancreas  applies  against  the  pos- 
terior surface  of  the  spleen.  Through  the  ligaments  extending  toward 
its  hilum,  the  spleen  is  attached  to  the  stomach,  the  insertions  of  the 
diaphragm,  and  the  colon.  The  phrenosplenic  ligament  stretched 
between  the  spleen  and  the  diaphragmatic  insertion  forms  part  of  the 
walls  of  the  omental  bursa,  the  gastrosplenic  ligament  extends  forward 
to  the  greater  curvature  of  the  stomach,  and  below  is  connected  with  the 
gastrocolic  ligament.  Below,  the  spleen  is  supported  by  the  phrenocolic 
ligament  going  from  the  under  surface  of  the  diaphragm  to  the  left 
colic  flexure.  The  hilum  through  which  the  splenic  artery  (see  above, 
and  Fig.  480)  enters  the  organ  and  the  splenic  vein  comes  out  of  it, 
lies  above  the  tip  of  the  tail  of  the  pancreas. 

Injuries  of  the  Spleen. — In  one-half  of  the  cases,  ruptures  of  the  spleen 
pertain  to  altered  spleens  (malaria).  Severe  symptoms  of  shock,,  reflex 
rigidity  of  the  abdominal  muscles  on  the  left  side,  signs  of  intraperi- 
toneal hemorrhage  render  likely  a  diagnosis  of  rupture  of  the  spleen. 
In  case  of  extensive  tears,  the  only  justified  surgical  interference  is 
extirpation  of  the  spleen.  As  a  rule,  as  a  sure  diagnosis  is  not  possible 
before  opening  the  abdominal  cavity,  we  first  make  a  median  incision 
above  the  stomach  and,  after  ascertaining  the  exact  nature  of  the  lesion, 
we  add,  to  better  reach  the  spleen,  a  cross  cut  directed  toward  the  left 
side  and  the  lowermost  point  of  the  costal  arch.     If  any  adhesions  are 
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present,  we  ligate  them  doubly  at  a  certain  distance  from  the  spleen  and 
divide  them.  Solid  adhesions  between  the  spleen  and  diaphragm  render 
in  most  cases  extirpation  impossible.  In  such  cases,  the  hemorrhage 
must  be  checked  by  packing.  When  the  spleen  is  well  mobilized,  it  is 
drawn  outside ;  then  we  grasp  the  gastrosplenic  and  phrenosplenic  liga- 
ments, preferably  at  a  certain  distance  from  the  spleen,  between  two 
strong  and  long-bladed  artery  clamps,  one  above,  one  below,  and  remove 
the  organ.  Carrying  ligatures  around  the  vessels  at  the  hilum  is  dan- 
gerous on  account  of  their  lack  of  resistance,  especially  of  the  splenic 
vein  which  i^sxs  very  easily.  When  possible,  it  goes  without  saying 
that  we  must  first  doubly  ligate  each  big  bloodvessel  separately,  begin- 
ning always  by  the  splenic  artery.  Otherwise,  we  must  perform  ligation 
en  masse  with  strong  silk,  not  with  catgut,  and  such  a  ligation  generally 
answers  the  purpose  completely.  Splenectomy  is  also  indicated  in 
marked  cases  of  loose  wandering  spleen,  tumors,  cysts,  echinococcus, 
and  has  been  performed  a  few  times  for  Banti's  disease  and  leukemia. 


X.   Urinary  and  Genital  Organs 

L  Operations  on  the  Urethra  and  Bladder 

a  Operations  on  the  Urethra 

Anatomy.'—We  distinguish  in  the  urethra  (Fig.  589)  three  portions: 
L  The  prostatic  part,  so  called  because  it  is  surrounded  by  the  prostate; 
it  begins  at  the  neck  of  the  bladder,  is  about  li  inches  long,  flattened 
laterally,  but  relatively  wide:  the  bulk  of  the  glandular  tissue  of  the 
prostate  lies  behind  the  urethra.  The  prostatic  portion  is  narrowed  only 
at  the  neck  of  the  bladder,  by  the  circular  muscular  fibres  of  the  latter 
thickening  to  form  the  internal  sphincter.  The  prostatic  and  ejaculatory 
ducts  open  into  the  prostatic  portion  of  the  urethra,  on  the  dorsal  side  of 
the  latter,  laterally  of,  and  on  the  top  of  the  colliculus  seminalis.  2.  The 
membranous  portion  (also  sometimes  called  pars  nuda  or  trigonalis)  only 
about  i  or  i  inch  long,  going  from  the  apex  of  the  prostate  to  the  tri- 
angular ligament.  Said  ligament  forms  a  triangular  fibrous  lamina 
stretched  between  both  descending  rami  of  the  pubes,  in  the  pubic 
angle ;  it  plays  an  important  role  in  traumatic  ruptures  of  the  urethra 
which  most  frequently  affect  the  membranous  segment.  The  triangular 
ligament  is  perforated  by  the  urethra  and,  besides,  by  both  excretory 
ducts  of  the  small  Cowx)er's  glands  which  lie  dorsal  to  the  same  liga- 
ment, the  dorsal  vein  of  the  penis  and  both  internal  pudic  arteries  and 
nerves.  The  deep  transversus  perinei  muscles  arising  also  from  the 
pubic  branches  narrow  the  membranous  portion  and,  with  the  ligament, 
constitute  the  uro-genital  diaphragm.  The  membranous  portion  is  the 
narrowest  segment  of  the  whole  urethra,  and  also  the  least  mobile  owing 
to  its  adherence  to  the  triangular  ligament.  3.  The  cavernous  portion, 
reaching  from  the  triangular  ligament  to  the  external  urinary  meatus, 
is  the  longest  of  all  and  measures  from  5  to  6  inches.  In  this  last  por- 
tion, a  distinction  is  made  between  the  fixed  segment  (from  the  trian- 
gular ligament  to  the  suspensory  ligament  of  the  penis  arising  from  the 
symphysis)  and  the  pendulous  part.  In  its  deeper  part,  it  shows  a  dila- 
tation, the  bulb  of  the  urethra,  into  which  open  the  excretory  ducts  of 
Cowper's  glands,  and  in  front,  in  the  glans,  a  second  dilatation,  the  so- 
called  navicular  fossa.  The  external  urinary  meatus  is  again  narrower 
and  is  also  the  least  extensible  passage  of  the  whole  canal.  The  pros- 
ess 
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tatic  and  membranous  portions  are  also  called  posterior  urethra,  the  bul- 
bous and  pendulous,  anterior  urethra. 

The  urethra  shows  two  curves,  one  situated  behind  the  symphysis  and 
going  from  the  neck  of  the  bladder  to  the  suspensory  ligament  of  the 
penis;  a  second,  from  the  latter  point  to  the  external  meatus.  The  first 
is  concave  upward  and  forward  toward  the  symphysis,  the  second,  down- 


AMominal 


Diagrammatic  sagittal 
of  tlie  male  urethra 


Fig.  589. 

ward  and  backward.  The  first  one  possesses  a  fixed  point  where  the 
membranous  portion  passes  through  the  triangular  ligament,  the  second 
can  easily  be  straightened  and  changed  into  a  prolongation  of  the  first 
by  raising  the  penis  toward  the  abdominal  wall. 


Catheterization 

Inatraments. — We  use  almost  exclusively  silver  or  German  silver 
metallic  catheters  and  soft  catheters  made  of  vulcanized  red  rubber 
(Neiaton  catheters).    The  diameter  of  the  catheters  is  estimated  by 
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means  of  the  Charrih-e  scale  (Fig.  590)  in  which  No.  12  designates  a 
catheter  4  mm.  (V)  and  No.  24  one  8  mm.  (V)  in  diameter.  We  do  not 
use  catheters  smaller  thaii  a  No.  12  Charri^re;  the  numbers  most  fre- 
quently used  go  up  to  No.  24,  in  prostatic  patients  up  to  No.  30.  In  cath- 
eters, we  have  to  consider  a  beak,  shaped  to  correspond  to  the  suprapubic 
curve  of  the  urethra,  and  carrying  near  the  tip  two  lateral  apertures,  the 
eytM,  a  straight  atem  and  a  so-called  funnel  which  is  provided  laterally 
with  two  wire  hoops  indicating  the  position  of  the  beak  in  the  urethra 

Hi)  li  metres  1 
No. 


Fig.  690. 


and  bladder  (Fig.  591).  Instead  of  catheters  having  lateral  eyes,  we 
also  use,  especially  for  washing  out  the  urethra,  catheters  perforated 
centrally  on  their  tip.  Soft  NUaton  catheters  (Pig.  592  above)  are 
smooth,  flexible,  have  but  little  rigidity,  and  consequently  never  inflict 
injury,  but  also  are  not  able  to  overcome  any  notable  resistance.  Soft 
catheters  may  be  made  stiffer  by  the  introduction  within  their  lumen  of 
a  wire  mandrin  curved  to  correspond  to  the  shape  of  the  urethra.  Semi- 
rigid catheters  made  out  of  impregnated  silk  or  wool  weave  and  with 
beaks  inclined  at  varying  angles  (Mercier  catheters,  catheters  coudfia 


V. 


■^asa 


Fig.  591. 

and  bicoudSs.  Fig.  592),  and  those  provided  with  olivary  tips  and  some- 
what conical  ends  are  extensively  used.  The  short  elbowed  beak  of  the 
coude  catheter  is  devised  to  guide  the  instrument  along  the  roof  of  the 
urethra,  consequently  where  the  catheter  has  the  least  chances  of  caus- 
ing injury.  After  being  used,  the  catheters  are  each  time  carefully 
washed  inside  by  means  of  a  syringe,  boiled,  and,  just  before  being  used 
again,  disinfected  in  the  same  way  as  all  other  instruments,  by  a  ten 
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minutes'  boiling/  When  using  soft  or  semirigid  catheters,  we  always 
ascertain  beforehand  that  they  have  not  become  brittle  and  always  reject 
all  doubtful  ones ;  thus  we  avoid  with  certainty  the  unpleasant  mishap 
of  seeing  a  catheter  break  in  the  urethra  or  bladder.  For  the  introduc- 
tion, catheters  must  be  warm,  not  hot    We  warm  instruments,  especially 


Soft  rubber  Nvlaton  catheter. 
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Straigrht  catheter. 


Mtrcier  coudc  catheter. 
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Cone-tipped  straiffht  catheter. 


Olive-tipped  coud6  catheter. 
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Olive-tipped  Btraiffht  catheter. 


Bicoud6  catheter. 


Fig.  592. 


metallic,  before  introduction,  by  steeping  them  in  warm  sterile  water  or 
rubbing  them  with  a  dry  sterile  compress.  Cold  instruments  may  call 
forth  violent  contractions  of  the  urethral  muscular  apparatus.  Moreover, 
the  instruments  must  be  very  well  lubricated  before  introduction ;  for  this 
purpose  we  use  olive  oil,  paraffin  oil  or  glycerin  sterilized  with  the  dress- 


^  This  applies  only  to  metal  and  soft  rubber  catheters.  Silk  woven  and  jcnim  elastic 
catheters  cannot  stand  such  a  sterilization.  The  latter  are  pronerally  disinfected  chem- 
ically, in  closed  glass  tubes,  by  formaldehyde  gras  generated  by  formalin  tablets  or  tri- 
oxymethylene  powder  kept  within  the  tube. — Translator, 
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ing  material  in  the  autoclave  by  steam  under  pressure.  Lubricating 
jellies  in  metallic  collapsible  tubes  are  very  handy  for  everyday  practice. 
It  is  not  advisable  to  use  vaselin  for  lubrication  as,  especially  if  cathe- 
terization is  frequently  repeated,  large  quantities  are  introduced  in  the 
bladder  and  may  remain  therein  lumped  in  big  balls. 

Position  for  Catheterization. — The  patient  lies  on  his  back,  the 
upper  part  of  the  body  slightly  raised,  and  a  small  fiat  cushion  imder  the 
buttocks.  The  hips  and  knees  are  slightly  flexed,  abducted,  and  rotated 
outward.  A  basin  is  placed  between  the  thighs  to  receive  the  urine. 
The  penis  and  the  hair  of  the  pubic  region  are  thoroughly  rubbed  with 
soap,  the  glans  penis  is  particularly  carefully  cleaned  after  the  fore- 
skin has  been  pulled  back,  and  rinsed  with  a  1  to  1,000  sublimate 


Fig.  593. 


solution.  Some  of  the  same  solution  is  allowed  to  trickle  into  the  ex- 
ternal meatus  kept  gaping  between  the  thumb  and  index  finger  of  the 
left  hand. 

The  Beginner  Selects  for  the  First  Attempt  at  Catheterization  a 
Nelaton  Catheter.  The  operator  stands  to  the  left  of  the  patient,  grasps 
with  the  thumb  and  forefinger  the  glans  in  the  coronary  sulcus  and  by 
pulling  slightly  on  the  mucous  covering  makes  the  external  meatus  gap. 
A  helper,  or  the  patient  himself,  grasps  the  funnel  end  (Fig.  593,  repre- 
senting the  operation  as  seen  by  the  onlooker)  of  the  catheter  dripping 
with  oil  (consequently  a  portion  of  the  instrument  that  will  not  pass 
through  the  canal  and  cannot  be  the  starting  point  of  an  infection  or 
cystitis).  The  operator  himself  grasps  the  catheter  with  a  dissection 
forceps  about  1  inch  from  the  tip,  insinuates  the  latter  into  the  urethra 
and  slowly  pushes  in  the  catheter  until  urine  escapes.  Always  begin 
with  a  large  calibre  instrument  (No.  24)  and  decrease  progressively  the 
size  if  necessary;  it  is  a  fact  long  ago  established  by  experience  that 
large  instruments  travel  easier  in  the  unstrictured  urethra  than  smaller; 
the  latter  catch  easily  in  pockets,  or  folds  produced  by  the  instrument 
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sliding  onward;  larger  instruments  unfold  and  smooth  out  these  uneven 
spots  and  thus  find  a  free  channel. 

Catheterization  with  metal  catheters  is  an  art  which  has  to  be  learned 
Never  try  to  make  of  it  a  feat  of  strength.  The  position  of  the  patient 
and  surgeon,  and  the  manner  of  holding  the  penis  are  the  same  as  that 
described  previously.  The  penis  is  held  upward  perpendicular  to  the 
axis  of  the  body,  the  stem  of  the  catheter  parallel  with  the  same  axis 
(Fig.  594).  The  beak  is  turned  vertically  downward  on  a  level  with  the 
symphysis.  The  operator  rests  the  little  finger  of  the  right  hand  on  the 
abdominal  wall  in  the  region  of  the  umbilicus.  The  thumb  and  fore- 
finger are  placed  around  the  funnel,  above  and  below  the  lateral  hoops 
respectively.  The  middle  finger  supports  the  stem  of  the  catheter  from 
below.  The  right  hand  remains  at  first  passive,  the  left  draws  the  penis 
over  the  catheter,  the  beak  of  which  gets  progressively  deeper  and  finally 


Fig.  594. 


passes  under  the  symphysis  (Fig.  595,  little  sketch  above  the  larger  illus- 
tration). Now,  the  left  hand  holds  the  penis  well  stretched,  without 
pulling  too  hard  on  it,  while  the  right  hand  (Fig.  596)  first  raises  the 
catheter  exactly  in  a  sagittal  plane  and  in  the  direction  shown  by  the 
arrow,  very  slowly  and  without  violence,  to  a  vertical  position,  then 
little  by  little  lowers  the  funnel  end  between  the  legs.  This  makes  the 
beak  glide  along  the  upper  wall  of  the  urethra  and  travel  along  a  seg- 
ment of  circumference  corresponding  to  the  curve  of  the  posterior  ure- 
thra. When  the  catheter  has  gone  beyond  the  vertical  position  the  beak 
has  passed  the  bulbous  portion  and  enters  the  membranous  and  prostatic 
parts.  Here  the  triangular  ligament  and  the  deep  trans  versus  peri  net 
muscles  offer  a  distinct  resistance  which  must  be  overcome  by  guiding 
the  catheter  along  the  roof  of  the  urethra,  and  by  patience,  not  by  force. 
(The  beak  may  first  catch  in  the  dilated  bulbous  portion.)    The  catheter 
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being  steadily  lowered  more  and  more  while  the  penis  is  stretched,  passes 
through  the  membranous  and  prostatic  parts,  meets  once  more  with  a 
slight  resistance  at  the  internal  orifice  and  enters  the  bladder  when  the 


Fig.  595. 


stem  of  the  instrument  takes  an  almost  horizontal  position  and  the  funnel 
is  directed  toward  the  feet  (see  Fig.  597).  We  can  ascertain  that  the 
beak  is  in  the  bladder  by  the  escape  of  urine  and  the  fact  that  the  cathe- 


FlG.  596. 


ter  can  easily  be  rotated  around  its  long  axis.  A  well-conducted  cathe- 
terization ought  not  to  cause  the  patient  any  pain  whatsoever  nor 
bring  any  trace  of  blood,  which  always  comes  from  a  slight  trauma 


640 


URINARY  AND  GENITAL  ORGANS 


inflicted  on  the  mucosa.  In  a  pathologically  altered  urethra,  a  slight  bleed- 
ing of  course  cannot  always  be  avoided.  If  we  want  to  wash  out  the 
bladder  after  draining  the  urine  away,  we  adjust  a  rubber  tube  to  the 
metal  catheter  (it  is  even  best  to  do  so  before  catheterizing)  and  an 
antiseptic  solution  (S%  boric  acid,  1%  silver  nitrate,  2f7c  carbolic  acid), 
heated  to  body  temperature,  is  allowed  to  flow  into  the  bladder  from  an 
irrigator  himg  at  most  IJ  feet  above  the  level  of  the  bed,  until  the  patient 
feels  that  the  bladder  is  full.  The  major  part  of  the  fluid  is  then  let  out 
To  protect  against  the  much-feared  catheter  fever  which  is  always  due 
to  a  minor  infection  originating  in  an  injury  to  the  mucosa,  irrigation  of 
the  urethra  with  2%  carbolic  acid  is  extremely  useful.  After  the  blad- 
der is  washed  out,  the  catheter  is  withdrawn  slowly  in  the  same  manner 


Fig.  597. 


as  it  was  introduced,  and  while  doing  this,  one  lets  carbolic  acid  solution 
flow  into  the  urethra  from  a  height  of  about  three  feet.  This  distends 
slightly  and  thoroughly  washes  out  the  urethra.  While  we  are  taking 
the  catheter  away,  we  close  its  orifice  with  the  forefinger  of  the  right 
hand  and  remove  said  finger  only  when  the  catheter  is  entirely  out  of  the 
canal:  the  fluid  it  then  contains  is  allowed  to  drop  out  into  the  basin 
placed  underneath. 

Soft  and  semi-rigid  catheters  stiffened  with  a  mandrin  are  introduced 
exactly  in  the  same  way  as  a  metal  catheter.  When  the  beak  is  in  the 
bladder  and  urine  escapes,  and  not  before,  the  mandrin  is  withdrawn. 

Obstacles  to  catheterism  may  be  encountered : 

1.  At  the  external  meatus;  if  the  latter  is  too  narrow  for  a  fair-sized 
catheter,  it  must  be  widened.  To  this  effect,  after  disinfection  of  the 
outer  parts,  we  introduce  the  knobbed  blade  of  a  pair  of  straight  scissors 
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about  V^  inch  into  the  navicular  fossa  and  cut  the  ventral  circumference 
of  the  urethral  orifice  exactly  in  the  midline  in  the  direction  of  the  pre- 
putial frenum.  The  cutting  being  done  very  quickly  is  almost  painless. 
This  widening  of  the  meatus  is  urgently  advised,  especially  to  enable  us 
to  use  large  catheters  in  hypertrophy  of  the  prostate.  The  small  wound 
is  rubbed  with  a  little  iodoform  powder  and  the  trifling  hemorrhage 
stops  spontaneously. 

2.  At  the  bulb  of  the  urethra,  before  the  urogenital  diaphragm.  This* 
is  recognized  by  the  fact  that  the  catheter  cannot  be  lowered  and  that, 
when  we  want  to  force  the  downward  movement,  a  furrow  appears  in 
front  of  the  symphysis  at  the  root  of  the  penis.  Withdraw  slightly  the 
instrument,  press  the  beak  against  the  upper  wall  of  the  canal,  which 
can  be  facilitated  by  pressure  of  the  finger  on  the  perineum  or  by  rec- 
tum, and  cautiously  resume  the  onward  movement.  The  same  obstacle 
may  be  overcome  by  the  half  or  the  complete  tour  de  maitre.  Both 
methods  differ  from  the  ordinary  technique  of  catheterism  as  described 
above  only  until  the  moment  when  the  beak  enters  the  portion  of  the 
urethra  passing  through  the  urogenital  diaphragm.  In  the  half  tour  de 
maitre,  which  is  frequently  used  in  corpulent  subjects,  the  catheter  is 
held  parallel  with  the  surface  of  the  body,  beak  vertically  downward, 
funnel  end  toward  either  the  right  or  the  left  side.  The  instrument  is 
pushed  into  the  canal  or  rather  the  penis  is  drawn  over  it,  until  the  beak 
goes  under  the  symphysis.  Then  the  funnel  end  is  rotated  till  it  reaches 
the  midline  and  at  the  same  time  is  raised ;  it  is  thus  carried  around  a  fourth 
of  a  complete  circumference.  From  now  on,  the  procedure  is  exactly  the 
same  as  with  the  usual  technique.  In  the  complete  or  great  tour  de 
maitre,  the  instrument  is  first  held  in  a  position  exactly  the  reverse  of 
that  used  in  ordinary  catheterism.  The  beak  is  held  vertically  over  the 
meatus,  its  convexity  turned  toward  the  head  of  the  patient.  The  cathe- 
ter glides  along  the  lower  wall  of  the  urethra  down  to  the  bulb.  The 
funnel  is  then  carried  around  a  whole  half  circle  on  the  right  side — the 
surgeon  stands  to  the  right  side  of  the  patient— until  the  catheter  finds 
itself  in  the  normal  position,  concavity  of  the  beak  directed  forward  and 
upward.  During  this  spiral  rotation,  the  tip  of  the  beak  clears  the  uro- 
genital diaphragm. 

3.  The  vesical  sphincter.  If  the  muscle  does  not  relax  spontaneously 
after  a  few  moments  of  quiet  waiting,  the  instrument  is  slightly  drawn 
backward,  its  tip  is  pressed  against  the  roof  of  the  urethra  and  the  fun- 
nel end  brought  lower  down,  without  any  violence  however.  The  beak 
end  may  also  be  pushed  upward  by  the  left  forefinger  introduced  in  the 
anus.  Oftentimes  letting  in  some  irrigating  fluid  helps  the  tip  of  the 
catheter  to  enter  the  bladder,  by  distending  the  prostatic  urethra. 

Catheterization  in  women  is  very  much  simpler.  It  succeeds  easily 
with  any  kind  of  a  tube,  straight  or  curved,  hard  or  soft.  The  female 
urethra  is  very  short,  straight  and  wide.  The  urinary  meatus  is  just  in 
front  of  the  anterior  wall  of  the  vagina.    First  the  vagina  is  irrigated. 
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preferably  with  a  weak  lysol  solution,  the  urethral  orifice  wiped  over 
with  a  lysol  compress,  the  labia  minora  being  drawn  apart.  The  cathe- 
ter is  introduced  at  first  horizontally  and  later  lowered  a  little. 


Indwelling  Catheters 

When  we  want  to  let  the  urine  drain  out  continuously,  in  gonorrheal 
strictures,  after  operations  on  the  urethra,  internal  urethrotomy  and  dila- 
tation, external  ure- 
throtomy, injuries  to 
the  canal,  ruptures  of 
the  urethra  repaired  by 
suture,  plastic  opera- 
tions, in  hypertrophy 
of  the  prostate,  con- 
tracted bladder,  in  one 
word  when  we  chiefly 
want  to  put  the  bladder 
at  rest  and  physiologi- 
cally suppress  the  ure- 
thra, and  wish  to  avoid 
frequent  catheteriza- 
tion especially  when 
the  latter  is  difficult, 
we  can  leave  in  situ  for 
a  number  of  days  the 
catheter  first  intro- 
duced. But  then  we 
use  only  soft  NHaton 
or  semirigid  catheters, 
as  hard  instruments 
might  cause  pressure  ulcerations  on  the  floor  of  the  urethra.'  Once 
the  catheter  is  introduced,  before  the  bladder  is  completely  empty,  or 
after  it  has  been  lartly  filled  again,  the  instrument  is  withdrawn  so 
far  that  nothing  more  flows  and  then  pushed  back  1  or  li  inches.  The 
catheter  must  next  be  securely  fastened.  Some  surgeons  use  for  this  pur- 
pose thread  loops  carried  around  the  catheter  and  the  corona  glandis  and 
tied  to  the  pubic  hair;  others  keep  the  catheter  in  place  by  means  of 
adhesive  plaster  strips  {Fig.  598.  after  Ziwkerkandl).  Close  to  the  ure- 
thral orifice,  an  ordinary  or  safety  pin  is  driven  across  through  the  cathe- 
ter (1)  and  the  point  of  the  pin  is  snipped  off.  A  quadrangular  strip  of 
adhesive  plaster  (I),  presenting  a  hole  in  its  centre  and  one  side  slit  up 
to  the  hole,  is  stuck  over  the  glans  beneath  the  pin  so  that  the  latter 

'  It  is  important  to  use  for  retained  catheterti  only  such  as  have  a  quite  large  lumen 
and  are  provided  with  a  central  opening-  on  the  beak  end,  in  addition  to  the  regular  ' 
lateral  eye. 


Fig.  598. 
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rests  upon  it.  The  second  strip  (II),  slit  in  the  middle,  is  drawn  over 
the  catheter,  applies  on  the  pin  and  sticks  to  the  lateral  surface  of  the 
penis.     (2)  The  third  and  longest  (III)  strip  is  then  wound  around  the 


shaft  of  the  penis  (3)  and  maintains  firmly  the  strip  II.  De  Pezzer's 
self-retaining  catheters  (Figs.  599  and  600)  have  the  advantage  of  hold- 
ing in  the  bladder  without  any  special  fixation.  They  are  introduced 
with  a  inandrin  which  can  be 
bent  at  will  in  any  shape  (Fig. 
599,  A).  Once  the  mandrin  is 
withdrawn  the  beak  spreads 
(Fig.  599.  B)  and  hugs  the  in- 
ternal orifice.  Fig.  600  shows 
schematically  the  position  of 
the  catheter  in  situ.  Indwell- 
ing catheters  must  not  exert 
any  strong  sucking  action,  as 
otherwise  the  mucosa  of  the 
bladder  might  be  drawn  into 
the  internal  openings,  and 
provoke  strong  cramplike  con- 
tractions and  violent  pains. 
To  avoid  this,  the  device  rep- 
resented in  Fig.  601  (after 
Schlagintweit)  is  very  practi- 
cal. By  means  of  a  T-shaped 
glass  adjustment  (in  G),  the 
urine  flowing  from  the  bladder 
is  led  into  a  large  basin  placed 
under  the  bed  and  containing 
a  clear  fluid,  while  at  the  same  time  air  comes  in  laterally  through  the 
tube  r,  so  that  no  strong  suction  and  no  drawing  in  of  the  mucosa  can 
happen. 

Foreign  Bodies  in  the  Urethra.— Broken  fragments  of  catheters, 
small  smooth  foreign  bodies  without  asperities  that  might  impale  the 
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mucosa  can  sometimes  be  e;xpelled  in  the  urinary  stream  with  the  help  of 
the  following  little  manoeuvre:  if  the  urine  runs  along  the  foreign  body, 
the  patient  is  told  to  urinate,  and  the  surgeon  pinches  the  meatus  long 
enough  to  have  the  anterior  part  of  the  urethra  well  distended,  that 
means,  dilated;  then  the  patient  is  ordered  to  strain  vigorously  and  the 
meatus  is  suddenly  released    If  no  more  urine  passes  alongside  the  for- 


FlG.  601. 


eign  body,  the  penis  is  constricted  proximal  to  the  foreign  body  if  possi- 
ble, the  anterior  part  of  the  urethra  is  completely  filled  by  means  of  a 
cone-tipped  syringe  and  the  patient  is  told  to  strain  strongly  as  if  to 
urinate.    This  little  trick,  which  Lejars  says  originated  with  Amussat, 

was  advocated  again 
j0  ^^^^^^^^^^^^^^^  a  few  years  ago  by 

fS  ^^^  i  nat.  size  ^^  Schroeter.     It  is  also 

-         J^Si^:^  v^i^     recommended  to  fill 

I         Natsil^  rV^^     ^^^  anterior  urethra 

«  \J  with  olive  oil  to  dis- 

FiG.  602.  tend  it  and  make  it 

slippery.  If  these 
manoeuvres  fail  to  bring  out  the  foreign  body,  we  may 
attempt  to  seize  and  extract  it  with  a  Mathieu-Windler 
urethral  alligator  forceps  (Fig.  602).  The  urethral  forceps 
is  slipped  closed  into  the  canal  till  it  touches  the  foreign 
body,  then  opened  and  pushed  a  little  onward;  it  grasps  the 
foreign  body  which  is  next  drawn  out.  Or  we  may  try  to 
slip  a  Langenbeck  urethral  curette  (Fig.  603)  beyond  the 
foreign  body,  then  bring  the  spoon  to  a  position  perpendicu- 
lar to  the  long  axis  of  the  instrument  and  sweep  the  urethra 
from  behind  forward.  While  attempting  extraction  in  this 
way,  we  always  assist  the  drawing  out,  or  the  propulsion  of 
the  foreign  body  by  outside  pressure  on  the  perineum  or  by  rectum. 
Filling  the  anterior  urethra  with  sterile  oil  will  always  be  found  useful. 
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Other  methods  for  driving  out  broken  catheter  tips,  or  lead  pencils, 
or  like  objects,  cannot  be  considered  more  in  detail  here.  We  shall  men- 
tion, however,  an  ingenious  process  for  extracting  needles.  Sewing 
needles  stuck  in  the  walls  of  the  urethra  are  held  steady,  and  brought 
out,  whenever  possible,  through  the  lower  wall  of  the  urethra;  the  sur- 
geon bends  the  penis  in  the  place  where  the  point  lies  until  the  latter 
pierces  the  skin,  then  grasps  said  point  with  an  artery  forceps  and  draws 
out  the  needle;  the  small  wound  heals  spontaneously.  But,  when  we 
have  to  extract  a  pin,  we  generally  have  to  deal  with  long  pins  with 
large  heads,  which  were  pushed  into  the  urethra  head  first  and  swallowed 
by  the  canal,  and  later  impaled  the  mucosa.  These  also  are  steadied 
behind,  the  point  is  driven  through  the  floor  of  the  urethra  and  the  skin, 
grasped  outside  with  a  dressing  forceps,  drawn  as  far  as  it  can  go  and 
turned  around  so  that  the  head  of  the  pin  is  directed  toward  the  external 
urinary  meatus ;  then  the  anterior  part  of  the  urethra  is  retracted  back- 
ward and  at  the  same  time  the  needle,  head  first,  is  pushed  toward  the 
meatus.  In  the  same  way  we  also  remove  hairpins  by  bringing  out  one 
or  both  points,  inverting  the  pin  so  as  to  bring  the  head  toward  the  exit, 
and  extracting  it.  If  the  hairpin  is  way  back,  it  may  be  secured  and 
drawn  out  by  means  of  hook-shaped  instruments  or  of  the  afore-men- 
tioned urethral  forceps,  eventually  under  the  guidance  of  an  endoscopic 
tube.  In  case  of  firmly  wedged  and  incrusted  foreign  bodies,  external 
urethrotomy  is  the  only  method  of  removal  (see  below) . 

Injuries  of  the  Urethra. — In  quite  mild  cases  with  minimal  hemor- 
rhage from  the  canal,  painless  and  free  urination,  trifling  swelling,  in 
one  word,  in  cases  of  injury  to  the  mucosa  alone,  operation  is  not  neces- 
sary. The  patient  is  kept  in  bed  and  attentively  watched  to  see  whether 
infection  develops  or  not.  He  is  given  plenty  of  Wildungen  water  to 
drink,  and  also  salol,  urotropin,  cystopurin  internally.  In  more  serious 
cases  with  abundant  hemorrhage,  painful  or  impossible  micturition, 
considerable  tumefaction,  catheterism  must  be  performed.  The  first 
attempt  is  made  with  a  soft  catheter.  If  it  succeeds  easily,  it  may  be 
taken  for  granted  that  the  urethra  is  only  partly  torn,  and  assumed  that 
its  roof  is  intact.  The  catheter  is  then  left  in  situ  permanently,  and  the 
above-mentioned  urinary  antiseptics  are  administered^  If  catheteriza- 
tion with  a  soft  catheter  does  not  succeed,  we  may  try  to  slip  a  rigid 
instrument  against  the  upper  wall  of  the  urethra  to  the  bladder  and 
empty  the  latter.  If  this  succeeds  easily,  it  can  be  repeated  as  often  as 
necessary,  otherwise,  as  well  as  in  all  cases  of  total  rupture  of  the  ure- 
thra (complete  retention  of  urine,  large  perineal  swelling  and  hematoma, 
impossibility  to  pass  a  catheter) ,  external  urethrotomy  must  be  resorted 
to  without  delay.  As  most  injuries  of  this  type  affect  the  membranous 
portion,  I  shall  confine  myself  to  describing  the  technique  of  external 
incision  in  that  segment.  General  or  lumbar  anesthesia,  careful  disin- 
fection of  the  whole  operative  field,  lithotomy  position  (see  Fig.  604, 
patient  lies  on  his  back  over  the  short  side  of  the  operating  table  with  a 
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wedge-shaped  cushion  under  the  loin,  so  that  the  buttocks  overhang  a  lit- 
tle the  edge  of  the  cushion).  The  hip  and  knee  joints  are  strongly  flexed 
and  the  legs  held  in  perfectly  symmetrical  position  by  two  assistants,  or 
maintained  so  by  leg-holders.  Introduction  of  an  olive-tipped  grooved 
staff  in  the  urethra,  and  up  to  the  bladder  when  possible.  The  staff  is 
held  exactly  in  the  midline  by  an  assistant  who  also  draws  the  scrotum 
upward.  Incision  from  the  region  of  the  bulb,  that  is,  from  the  root  of 
the  scrotum,  in  the  direction  indicated  in  Fig.  604  (on  the  left)  by  the 
small  dots  (the  incision  indicated  by  longer  dashes  is  that  of  perineal 
prostatectomy)  to  a  point  about  half  an  inch  in  front  of  the  external  anal 
orifice,  exactly  in  the  midline.  This  incision,  made  with  a  broad-bellied 
knife,  is  carried  on  to  the  bulb  which  is  drawn  upward  with  a  double  sharp 
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Fig.  604. 


hook  or  divided  posteriorly  in  the  midline  (in  the  raphe).  We  progress 
little  by  little  toward  the  membranous  portion,  the  bulb  being  spared 
whenever  possible.  If  we  feel  the  staff,  we  thrust  a  knife  in  its  groove, 
and  split  the  urethra  upward  and  downward  without  injuring  the  bulb, 
and  hold  the  urethral  edges  apart  by  means  of  small  sharp  hooks  or 
thread  loops  (Fig.  605).  If  the  external  urethrotomy  was  undertaken 
for  a  foreign  body,  the  latter  is  now  extracted  (for  the  after-treatment 
see  below).  In  ruptures  of  the  urethra,  the  anterior  end  is  easy  to 
find,  thanks  to  the  grooved  staff  therein  contained,  but  the  posterior  is 
much  more  difficult  to  locate.  Oftentimes  a  narrow  preserved  strip  of 
the  urethra  leads  to  it,  and,  by  introducing  a  catheter  or  grooved  direc- 
tor, we  can  sometimes  discover  the  posterior  end  in  the  crushed  and 
blood-infiltrated  tissues,  especially  after  mopping  carefully  away  all 
blood-clots.  A  very  helpful  artifice  also  to  find  the  posterior  end  is  press- 
ing on  the  bladder  to  expel  some  urine.  A  grooved  director  or  a  probe 
is  insinuated  where  the  urine  trickles  out  and,  alongside  of  this  first 
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instrument,  a  soft  or  hard  catheter  is  slipped  up  to  the  bladder.  Only 
in  case  of  necessity  do  we  use  the  so-called  retrograde  catheterization, 
that  is,  the  passing  of  a  sound  from  behind  forward  through  a  suprapubic 
cystotomy  opening  (see  below).  When  the  central  end  is  found,  we  can 
push  an  indwelling  catheter  through  the  meatus  and  anterior  urethra, 
make  it  come  out  in  the  wound  and  reintroduce  it  into  the  posterior  end 
up  to  the  bladder.  Whenever  it  seems  feasible,  we  try  to  approximate 
by  a  few  stitches  the  torn  ends  of  the  urethra  after  paring  the  crushed 
parts  and  slitting  the  floor  of  the  anterior  and  posterior  ends  for  a 
length  of  about  half  an  inch.  For  this  purpose  a  few  catgut  stitches 
are  laid  through  the  roof  of  the  urethra,  taking  the  mucous  membrane 
near  its  edge,  but  as  much  as  possible  of  the  periurethral  tissues,  so  that 
a  channel  is  traced.  But  we  never  try  to  suture  circularly,  as  we  consider 
it,  at  best,  as  useless,  and  even,  in  many  cases,  prejudicial  to  the  ultimate 
result.  We  leave  an  indwelling  catheter 
only  when  the  urine  is  septic.  The  exter- 
nal wound  remains  open  and  is  loosely 
packed  with  iodoform  gauze.  The  patient 
is  laid  horizontally  on  his  bed,  the  thighs 
are  tied  together  with  a  towel,  after  the 
gauze  and  absorbent  cotton  of  the  dressing 
have  been  fastened  on  the  wound  with  a 
T-bandage. 

The  after-treatment  is  very  simple. 
When  the  patient  feels  a  desire  to  urinate, 
the  nurse  removes  the  T-bandage,  the  pa- 
tient urinates  through  the  perineal  wound, 
new  dressing  material  is  applied  and  fas- 
tened again  with  the  T-bandage.  In  many 
cases,  urine  is  already  partly  voided  per 
vias  naturales  after  only  a  week  has  elapsed. 
After  about  ten  days,  a  large  Roaer  metal 
sound  (see  below,  chapter  on  Strictures)  is 
passed,  and  the  same  is  repeated  every  second  or  third  day  at  first,  every 
eight  or  ten  days  later.  Recovery  with  closure  of  the  external  wound 
without  the  persistence  of  a  sinus  is  obtained  in  most  cases  in  three  or 
four  weeks. 

If  we  want  to  make  a  circular  suture,  the  freshened  urethral  ends 
are  sutured,  first  on  the  side  nearer  the  symphysis,  with  fine  catgut 
stitches  which  do  not  take  in  the  mucosa;  a  soft  catheter  is  introduced 
in  the  manner  described  above,  the  remainder  of  the  circumference  of 
the  urethra  is  sutured,  a  packing  is  laid  over  the  region  of  the  suture, 
but  not  on  the  latter  itself,  and  the  external  wound  is  closed  with  buried 
catgut  and  superficial  silk  stitches.  The  packing  is  removed  after  two 
or  three  days,  the  permanent  catheter  after  seven  or  ten  days.  After- 
treatment  with  bougies. 


Fig.  605. 
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In  cases  in  which  catheterism  does  not  succeed,  and  extrinsic  condi- 
tions do  not  allow  urethrotomy,  tapping  of  the  bladder  must  be  resorted 
to.  This  is  performed  with  a  long  and  thin  trocar.  As  a  rule,  the 
bladder  in  a  complete  state  of  vacuity  is  lowered  by  the  downward  press- 
ure of  the  intestines  (see  Fig.  589,  page  637)  and  the  line  of  reflexion 
of  the  peritoneum  from  the  anterior  abdominal  wall  over  the  bladder  lies 
just  above  the  symphysis.  The  more  the  bladder  fills,  the  more  also  it 
raises  above  the  symphysis,  lifting  with  itself  higher  and  higher  the 
peritoneal  cul-de-sac  which  is  only  loosely  connected  with  the  transver- 
salis  fascia.  Consequently,  when  the  bladder  is  full,  we  can  reach  it 
above  the  symphysis  without  opening  or  puncturing  the  peritoneum  while 
tapping.  For  tapping  of  the  bladder,  we  may  use  Potain's  or  DieiUafoy*8 
apparatus  (see  Figs.  399  and  400,  page  393)  with  a  slender  trocar  or 
any  kind  of  a  thin  needle  of  sufficient  length.  After  careful  disinfec- 
tion of  the  lower  abdominal  region  (shave  the  pubic  hair),  the  patient 


Fig.  606. 


lying  flat  on  the  back,  the  surgeon  standing  to  the  right  of  the  patient 
and  marking  the  symphysis  with  the  left  index  finger  drives  the  needle 
vertically  into  the  depth,  just  above  the  symphysis,  exactly  in  the 
median  line,  until  urine  flows  out.  It  is  hardly  possible  to  go  too  deep. 
Besides  the  escape  of  urine,  freedom  of  motion  of  the  point  of  the  instru- 
ment is  certain  proof  that  the  latter  is  within  the  bladder:  in  a  general 
way,  this  freedom  of  the  point  in  tapping  of  any  cavity  shows  the  tip  of 
the  instrument  to  be  within  said  cavity.  Capillary  puncture  of  the  blad- 
der may  be  frequently  repeated  in  case  of  necessity.  If  desired  to  leave 
the  needle  permanently,  or  to  establish  a  permanent  fistula  of  the  bladder, 
we  use  the  instrument  represented  in  Fig.  606  (from  Hochenegg).  The 
part  a  of  the  trocar  carrying  the  point  is  armed  with  the  tube  c  and 
driven  into  the  bladder  just  as  said  before.  As  soon  as  freedom  of 
motion  of  the  instrument  indicates  that  the  tip  is  within  the  bladder 
cavity,  the  part  a  is  withdrawn,  the  opening  of  the  tube  plugged  with 
the  forefinger  so  that  no  urine  flows  in  the  bed,  and  the  internal  tube  d, 
whose  vesical  end  is  rounded  to  avoid  scratching  the  posterior  bladder- 
wall,  and  whose  external  end  is  provided  with  a  rubber  tube,  is  intro- 
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duced.  Then  the  cannula  is  pushed  forward  until  the  cross-plate  of  c 
touches  the  abdominal  wall  on  which  it  is  fastened  with  strips  of  adhe- 
sive plaster.  The  outer  tube  is  left  undisturbed  for  about  a  week,  while 
the  inner  tube  is  frequently  taken  out  and  cleaned.  A  canal  forms  which, 
after  eight  or  ten  days,  is  sufficiently  organized  to  allow  the  outer  tube 
also  to  be  taken  out  and  reintroduced.  However,  before  withdrawing 
the  outer  tube,  we  take  first  the  precaution  of  slipping  into  it  the  mandrin 
6.  Then  it  always  becomes  very  easy  again  to  put  back  the  tube  along 
the  mandrin.  We  can  also  introduce  over  the  mandrin  a  Nilaton  cath- 
eter carrying  an  eye  in  the  centre  of  its  tip.  After  about  two  weeks,  a 
de  Pezzer  catheter  (Fig.  599,  page  643)  may  also  be  inserted  as  an  in- 
dwelling catheter. 

Strictures  of  the  Urethra 

I  shall  limit  myself  to  a  study  of  dilatation  and  of  the  operative  treat- 
ment of  strictures  of  the  urethra  by  means  of  external  urethrotomy,  as 
we  do  not  use  internal  urethrotomy,  forcible  divulsion  with  dilators,  or 
electrolysis.  We  believe  that  simple  dilatation  gives  as  much  as  internal 
urethrotomy  and  that,  in  all  cases  in  which  dilatation  does  not  lead  to 
the  desired  result,  external  urethrotomy,  eventually  even  resection  of  the 
stenosed  part,  is  indicated.  I  shall  also  consider  only  inflammatory  and 
traumatic  strictures,  and  leave  out  those  due  to  congenital  valvelike 
septa,  or  other  obstructive  malformations. 

Dilatation  with  Sounds. — We  habitually  use  German  silver  sounds, 
that  is,  very  heavy  metallic  sounds  (Roser  sounds,  see  Fig.  607).     Owing 

to  their  weight,   they  can  find  

their  own  way  to  the  bladder 
without  being  pushed.  Metallic 
sounds    with  guiding    filiforms  Fig.  607.— j  natural  size, 

and  B&niquS  curve  (see  Fig.  608) 

are  also  frequently  used.  Roser  sounds  are  passed  exactly  as  are  metal 
catheters,  the  knob  end  gliding  along  the  roof  of  the  canal.  One  begins 
with  No.  18  or  20  of  the  Charriere  scale  and,  if  the  stricture  is  impass- 
able to  such  a  size,  decrease  progressively  to  smaller  calibres,  to  No.  13 
Charriere,  for  instance.  If  we  succeed  in  passing  the  latter  number,  we 
leave  it  half  a  minute  or  a  minute  in  the  canal,  and  immediately  take  up 
and  pass  the  sound  with  the  next  above  number.  Thus  we  frequently 
succeed,  in  one  sitting,  without  any  hemorrhage  to  speak  of,  to  pass 
sounds  up  to  24  or  even  26  Charriere  size  (slow  dilatation).  If  the  resist- 
ance is  strong,  we  are  satisfied  with  going  two  or  three  numbers  above 
the  initial  size.  The  biggest  sound  is  left  about  two  minutes  in  the 
canal  and  is  then  removed.  After  the  dilatation,  it  is  a  good  practice  to 
introduce  a  metal  catheter  of  the  same  size  as  the  last  sound  passed,  to 
wash  out  first  the  bladder  with  2%  carbolic  acid  solution  under  a  press- 
ure of  about  two  feet,  to  drain  away  the  fluid  completely,  then  to  raise 
the  pressure  to  about  three  feet  and  withdraw  the  catheter  slowly  so  as 
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to  flush  out  the  whole  urethra.  With  this  technique,  we  only  seldom  now 
see  the  much-feared  catheter  fever  (see  also  above)  in  Koenig's  clinic. 
The  sounding  is  repeated  after  a  few  days:  one  begins  again  with  the 
smallest  size  and  goes  up  to  the  biggest,  until  a  sound  of  at  least  24 
Charriere  calibre  passes  freely.  Such  a  dilatation  course  is  given  first 
every  second  or  third,  later  every  fourth  or  sixth  day,  then  at  constantly 
increasing  intervals  of  one  or  two  weeks,  then  of  months,  and  continued 


■^ 


Fir,.  609.  —  \  natural  size. 


Fig.  608. 

for  years.     Intelligent  patients  may  be  entrusted  with  metallic  sounds 

which  they  introduce  themselves. 

Forced  dilatation  under  general  or  lumbar  anesthesia  leads  often  to 

the  goal  in  one  sitting.     But  after  this  a  dilatation  course  of  treatment 

' must  also  be  kept  up  for 

— ===^=  — »        years  just  the  same  as  with 

slow  dilatation. 

If  it  is  not  possible  to 
introduce  a  metal  sound, 
one  can  try  first  with  fine, 
so-called  filiform,  bougies 
left  in  the  canal  twenty-four 
hours  (see  Fig.  609).  The 
urine  trickles  drop  by  drop 
alongside  such  bougies  if 
passed  up  to  the  bladder. 
One  can  also  screw  forth- 
with on  the  filiform  bougies 
a  metal  instrument  (see 
Figs.  608  and  610)  and  then 
pass  the  sound.  The  latter 
is  guided  by  the  conducting 
filiform  through  the  often 
excentrically  situated  stric- 
ture.    The  filiform   bougie 

is  pushed  into  the  bladder  where  it  coils  up  without  doing  any  harm.^ 
The  routine  treatment  in  Koenig's  clinic  for  strictures  of  the  anterior 


Flc.  610. 


*  Tunnelled  sounds  are  a  favorite  instrument  in  America  for  such  cases. — Translator. 
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urethra  is  dilatation  with  a  straight,  progressively  tapering,  daggerlike 
sound. 

If  many  attempts  to  introduce  a  filiform  bougie  remain  unsuccessful, 
if  we  have  to  deal  with  long  callous  strictures,  strictures  complicated  by 
urinary  fistulae  and  abscesses,  if  there  is  the  least  suspicion  of  neoplasm, 
if  the  voiding  of  urine  is  impossible,  or  in  case  of  severe  cystitis  with 
very  virulent  urine  and  danger  of  ascending  infection  of  the  urinary 
tract,  or  finally,  if  false  passages  are  already  present,  external  urethrot- 
omy is  indicated  (see  above),  first  of  all  to  provide  free  drainage  of  the 
urine.  To  this  effect  a  grooved  knobbed  staff  is  pushed  in  the  urethra 
up  to  the  strictured  point,  an  incision  is  made  on  the  knob  end  just  as 
said  above,  and,  therefore,  the  urethra  is  first  opened  in  a  place  just 
distal  to  the  stricture.  With  a  fine  blunt  stylet,  we  then  try  to  pass 
through  the  stricture  and  enter  the  central  end.  Once  this  is  accom- 
plished, the  stricture  is  divided  centrally  and  peripherally  till  normal 
urethral  tissue  is  reached,  and  we  can  easily  pass  a  large  catheter  through 
the  perineal  wound  up  to  the  bladder.  The  further  treatment  is  exactly 
the  same  as  that  described  on  page  647.  After  eight  or  ten  days,  a  thick 
Roser  sound,  24  to  26  Charriere,  is  passed  through  the  urethra  up  to  the 
bladder;  if  introduction  is  difficult,  which  is  only  seldom  the  case,  it  may 
be  facilitated  by  a  thoroughly  disinfected  finger  working  in  the  perineal 
wound.  Sounds  are  passed  at  first  every  second  or  third  day,  later,  at 
intervals  of  from  four  to  six  days. 

Resection  of  the  Urethra. — It  is  better,  especially  in  not  too  long 
strictures  and  in  those  consecutive  to  a  traumatic  rupture  of  the  urethra 
to  resect  the  stenosed  part  together  with  all  the  neighboring  cicatricial 
tissue  and  fistulae,  so  as  to  allow  approximation  of  the  anterior  and  pos- 
terior ends  in  sound  urethral  tissue.  Both  ends  are  then  united  so  as  to 
form  a  groove  on  the  roof  of  the  urethra,  as  already  described  on  page 
647,  but  not  sutured  circularly.  If  longer  segments  of  the  canal  have  to 
be  sacrificed,  we  can  also  use  v.  Hacker's  urethroplasty  with  mobilization. 
In  the  latter  method  the  urethra  is  completely  dissected  free  centrally 
and  peripherally;  around  the  anterior  end  the  corpus  spongiosum  comes 
naturally  with  the  canal.  Both  ends  can  be  sutured  without  tension, 
thanks  to  their  elasticity,  especially  if  the  legs  of  the  patient  be  extended 
and  a  little  lowered.  In  those  cases,  as  in  cases  of  ruptures,  we  never 
make  a  circular  suture,  but  are  satisfied  with  splitting  both  ends  and 
simply  reconstituting  a  groove  on  the  upper  wall  of  the  canal  (see  Ver- 
hancUungen  der  Deutschen  GeseUschaft  fur  Chirurgie,  1907).  (On  a  mod- 
ified external  urethrotomy  with  circular  suture  around  an  indwelling 
catheter,  see  Bircher,  Langenbeck's  Archiv,  Bd.  83,  p.  1041. ) 

If  it  is  impossible  to  reestablish  the  normal  channels  for  urine,  we 
may  try  to  find  the  central  end,  split  it  above  the  narrowed  segment  and 
fasten  it  to  the  skin  of  the  perineal  wound,  by  a  number  of  stitches  turn- 
ing inward  the  outer  epidermis.  This  operation  is  called  urethrostomy. 
Or  we  must  make  the  already  mentioned  suprapubic  bladder  fistula. 


652  URINARY  AND  GENITAL  ORGANS 

FUtulae  of  the  Urethra, — Pistulee  with  two  lipa,  I  have  in  mind 
here  only  fistulas  with  a  complete  mucous  lining  which  are  usually  found 
on  the  ventral  side  of  the  canal,  consequently  in  a  place  where  the  spongy 
layer  of  the  urethra  is  thin.  The  most  ordinary  method  of  treatment  is 
that  represented  in  Fig.  611.  Elliptical  incision  around  the  fistula,  reach- 
ing the  spongy  layer  (Fig.  611,  A).  Excision  of  the  thus  circumscribed 
piece  of  skin,  together  with  the  epithelium-lined  edges  of  the  fistula,  down 
onto  the  lumen  of  the  urethra.  Formation  of  two  bridge-flaps  by  means 
of  lateral  incisions  (Fig.  611,  B)  parallel  with  the  edges  of  the  defect 
and  dissection  of  said  flaps  from  the  subjacent  structures.    The  resulting 


Fig.  611. 


loss  of  substance  of  the  urethra,  as  a  rule,  is  sutured  crosswise:  two 
traction  loops  are  placed  in  the  lateral  angles  of  the  wound  (hh,  in  Fig. 
611,  B)  and  the  defect  converted  into  a  transversal  slit.  An  indwelling 
catheter  is  introduced:  the  urethra  is  sutured  with  very  fine  needles 
(Fig.  611,  B)  and  fine  dry  iodin  catgut,  the  stitches  not  puncturing  the 
mucosa.  Over  the  first  row  of  sutures,  the  neighboring  wound  surfaces 
are  still  united  by  a  Lembertlike  catgut  continuous  suture;  then  the  free 
edges  of  the  bridge-flaps  are  approximated  with  tine  silk  and  the  lateral 
defects  are  also  repaired.    The  indwelling  catheter  is  kept  in  about  a 


Another  method  for  repairing  urethral  fistulae  is  shown  in  Fig.  612. 
Considered  from  a  general  and  broad  point  of  view,  this  procedure  may 
be  applied  to  the  patching  with  skin  flaps  of  a  more  or  less  wide  lateral 
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loss  of  substance  in  any  mucosa-coated  tubular  organ,  in  such  a  way  that 
from  the  outset  the  side  turned  toward  the  lumen  is  lined  with  epithe- 
lium and  does  not  shrink.  The  inner  flap  is  selected  large  enough  to 
cover  completely  the  defect,  and  is  sutured  to  the  edges  of  the  latter 
with  very  fine  catgut  In  the  illustration  the  flaps,  for  the  sake  of  clear- 
ness, were  made  half  as  large  again  as  necessary.  In  A,  the  outer  orifice 
of  the  fistula  is  shown  enclosed  within  a  quadrangular  incision,  two 
lateral  flaps  are  formed,  and  the  skin  flap  that  will  be  later  folded  up- 
ward is  indicated  by  dotted  lines.  In  B,  the  latter  flap  has  been  dis- 
sected and  turned  over  the  hole,  in  C,  the  lateral  flaps  are  stitched  to- 
gether over  the  other  flap:  the  fresh  cut  surfaces  of  all  three  flaps  are 
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broadly  applied  against  each  other,  so  that  coalescence  is  rapid.  In 
addition,  the  figure  still  shows  how  the  remaining  loss  of  substance  may 
be  closed  by  a  reefing  suture  without  any  further  plastic  work. 


b.  Operations  on  the  Bladder 

Tapping  of  the  bladder  has  already  been  spoken  of  on  page  648. 
There,  also,  the  anatomical  relations  of  the  bladder  to  the  peritoneal  fold 
when  the  viscus  is  empty  or  full  are  briefly  summarized.  But  a  rela- 
tively small  part  of  the  bladder  is  covered  with  peritoneum;  indeed,  the 
peritoneal  coat  extends  farther  down  behind  in  the  recto-vesical  (or  recto- 
uterine, according  to  sex)  cul-de-sac  than  in  front  On  the  posterior 
aspect  a  short  segment  of  both  ureters  and  of  the  tip  of  the  seminal 
vesicles  remains  free  below  the  vesical  peritoneum.  Like  all  organs 
which  vary  considerably  in  volume,  constantly  alternating,  as  they  do, 
between  vacuity  and  repletion,  the  bladder  is  only  loosely  connected  with 
the  neighboring  structures.     This  is  more  particularly  the  case  in  front. 
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where  it  is  separated  from  the  symphysis  and  the  posterior  surface  of 
both  pubes  (in  Retzius'  space)  by  a  quite  loose  connective  tissue  con- 
taining more  or  less  fat  and  a  plexus  of  thin-walled  veins.  The  visceral 
leaf  of  the  pelvic  fascia  is  reflected  from  the  posterior  surface  of  the 
pubes  over  both  sides  of  the  base  of  the  bladder  and  the  prostate,  under 
the  shape  of  pubo-vesical  and  pubo-prostatic  ligaments. 

Suprapubic  Cystotomy.— The  bladder  is  easiest  to  reach  above  the 
symphysis ;  there,  on  the  one  hand,  the  peritoneum  can  be  avoided  with 
certainty;  and,  on  the  other,  a  possible  opening  of  the  peritoneum  has 
lost  its  earlier  terrors  * ;  consequently  this  route,  that  of  suprapubic  cys- 
totomy (so-called  sectio  alia)  is  the  one  most  in  favor  now.  The  other 
approach  to  the  bladder  through  median  perineal  sections  with  incision 
of  the  membranous  and  prostatic  parts  of  the  urethra  does  not  need  more 
than  a  cursory  mention,  as  it  does  not  differ  essentially  from  external 
urethrotomy. 

Traumatic  lesions  of  the  bladder-walls,  foreign  bodies,  stones,  benign 
and  malignant  tumors,  transvesical  exposure  of  the  prostate,  rebellious 
and  severe  cystitis,  retrograde  catheterism  of  the  urethra  supply  indica- 
tions for  suprapubic  cystotomy.  When  cystitis  is  present,  a  thorough 
course  of  preparatory  treatment  must  be  given  before  operation;  and  for 
this  course  we  may  recommend  internal  medication  with  salol,  urotro- 
pin,  cystopurin,  ingestion  of  Wildungen,  Fachinger,  Vichy  water,  irriga- 
tion of  the  bladder  with  silver  nitrate,  1  to  1,000;  boric  acid,  3%;  carbolic 
acid,  2  or  3%  solutions,  continued  for  a  long  time.  Before  opening  the 
bladder,  we  fill  it  moderately  with  some  antiseptic  fluid  or  gas.  Recently, 
air  or  pure  oxygen  has  been  often  used  for  this  purpose,  as,  when  fluids 
are  so  used,  they  may  at  the  time  the  bladder  is  opened  contaminate  the 
loose  paravesical  connective  tissue.  While  filling  the  bladder,  we  use 
only  a  moderate  pressure  and  inflate  it  only  just  as  much  as  is  necessary 
to  have  it  appear  above  the  symphysis.  Many  prefer  to  insert  before  the 
operation  a  soft  catheter  and  to  fill  the  bladder  only  when  it  is  bared.  As 
a  rule,  we  proceed  as  follows:  After  careful  disinfection  of  the  lower 
abdomen,  the  patient  is  etherized  or  submitted  to  lumbar  anesthesia;  we 
then  introduce  a  catheter,  fill  the  bladder  with  air,  remove  or  plug  the 
catheter  and  constrict  the  root  of  the  penis  with  a  rubber  tube  or  a  strip 
of  gauze.  Raising  the  bladder  by  means  of  a  Petersen  bag  (colpeurynter) 
is  hardly  ever  employed  now.  If  it  is  not  possible  to  fill  the  bladder, 
introduce  a  catheter  of  as  large  a  size  as  possible  to  be  able  with  it  to 
push  forward  the  bladder-wall.  The  pelvis  is  moderately  elevated,  the 
hip-joints  are  extended,  and  the  knees  flexed  at  a  right  angle  over  the 
edge  of  the  table.  The  operator  stands  to  the  left  side  of  the  patient, 
the  head  part  of  the  table  is  turned  toward  the  light.     Incision  in  the 


*  And  it  may  even  be  said  that  deliberate  opening  of  the  bladder  through  the  peri- 
toneum (transperitoneal  cystotomy)  has  many  advantages  and  now  enjoys  a  well- 
deserved  favor. — Translator. 
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linea  alba,  beginning  about  an  inch  above  the  upper  border  of  the  sym- 
physis and  carried  upward  for  a  length  of  about  2}  to  3  inches.  We  look 
for  the  interstice  between  the  recti  muscles  just  above  the  symphysis 
and,  if  necessary,  cut  a 
notch  about  half  an  inch 
deep  on  each  side  into 
the  tendons  of  the  recti 
close  to  their  insertion 
into  the  pubes.  Incision 
of  the  thin  posterior  layer 
of  the  sheath  of  the  rec- 
tus. The  wound  edges 
are  drawn  apart  by  blunt 
broad  retractors.  Now 
the  index  fingers,  or  ana- 
tomical forceps,  dig  into 
the  fat-filled  prevesical 
space  and  push  upward 
toward  the  abdominal 
cavity  the  therein  con- 
tained fat  and  peritoneal 
cul-de-sac.  In  but  slight- 
ly adipose  individuals  the 
bladder,  covered  by 
thick  venous  plexus  and 
easily  recognizable  by  its 
gray-red  muscular  fibres, 
is  ordinarily  seen  very 
quickly.  Once  the  blood- 
vessels have  been  de- 
flected out  of  the  way 
by  means  of  dissection 
forceps,  the  bladder-wall 
is  stripped  bare  in  a  spot 
facing  the  symphysis  and 
as  devoid  of  bloodvessels 
as  can  be  found.  The 
bladder-wall  is  hooked 
near  the  symphysis  with 
two  sharp  hooks  or  trans- 
fixed (exclusive  of  the 
mucosa)  with  two  loops 
of  stout  silk.  To  open  the 
bladder,    some    surgeons 

prefer  a  longitudinal,  some  a  transversal  incision.    According  to  the  vari- 
ety selected,  the  bladder-wall  is  raised  into  a  longitudinal  or  transversal 


Fig.  613. 
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fold  by  means  of  the  hooks  or  loops;  the  fold  is  incised  with  the  belly  of 
a  knife,  the  cutting  edge  of  which  is  turned  toward  the  symphysis,  until 
the  mucosa  pouts  between  the  lips  of  the  incision.  Said  mucosa  is  then 
grasped  with  a  mouse-tooth  forceps  and  incised  separately.  The  viscus 
must  always  be  opened  widely  enough  to  permit  of  an  easy  introduction  of 
the  finger  to  palpate  the  inner  surface  of  the  bladder.  If  the  incision  has 
to  be  lengthened  upward,  the  peritoneal  fold  is  bluntly  pushed  up  in  that 
direction  and  the  opening  enlarged  with  knobbed  scissors.  On  each  side, 
a  resistant  silk  loop  is  passed  through  the  whole  bladder-wall,  mucosa 
inclusive.  The  inside  of  the  bladder  is  illuminated  with  any  artificial 
source  of  light  available. 

A  few  surgeons  now  prefer  to  make  a  transverse  skin  incision  above 
the  symphysis,  along  a  somewhat  curved  line  going  from  one  external 
inguinal  ring  to  the  other.  Incision  of  the  anterior  layer  of  the  sheath 
of  the  rectus  parallel  with  the  skin  incision,  half  an  inch  or  an  inch  above 
the  symphysis  or  the  horizontal  rami  of  the  pubes,  division  of  the  linea 
alba,  incomplete  or  complete  transversal  detachment  of  the  insertions  of 
both  recti  muscles. 

To  secure  a  better  view  inside  the  bladder,  the  incision  in  the  viscus 
is  held  open  by  means  of  two  side  retractors  similar  to  those  used  in 


Fig.  614.— i  natural  size.  Fig.  615.— J  natural  size. 

laparotomy  and,  in  addition,  a  rounded  retractor  (for  instance  of  the 
same  type  as  the  Simon  vaginal  specula)  is  introduced  in  the  upper  angle 
of  the  wound.  Foreign  bodies  are  grasped  with  straight  or  curved 
dressing  forceps,  stones  with  stone  spoons  (Figs.  614  and  615).  In 
case  of  very  large  calculi  the  bladder  is  preferably  incised  transversely 
for  the  sake  of  a  better  view:  crushing  of  the  concretions  may  also  prove 
indispensable. 

Vesical  tumors  having  a  slender  pedicle  are  treated  by  transfixion 
of  their  base  with  a  long  stout  silk  thread  which  is  tied  first  around  one- 
half  of  the  pedicle  (the  knot  is  tied  with  the  help  of  two  long  dissection 
forceps),  then  carried  once  more  around  the  whole  pedicle  to  the  opposite 
side,  and  tied  here ;  the  tumor  is  next  cut  away  not  too  near  the  liga- 
ture. The  long  threads  are  tied  behind  the  knob  of  a  sound  introduced 
through  the  urethra  and  by  means  of  which,  if  we  expect  to  close  en- 
tirely the  bladder,  they  are  brought  outside  through  the  external  meatus; 
after  about  six  or  seven  days,  these  threads  may  be  removed  by  gently 
pulling  on  them.  Silk  and  catgut  knots  left  in  the  bladder  not  seldom, 
act  as  a  nucleus  for  incrustations  and  stones.    Since  I  lost  a  patient  from 
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post-operative  hemorrhage  and  sepsis  after  ligation  of  a  large  polyp  of 
the  bladder  with  catgut,  I  have  altogether  discarded  the  latter  for  intra- 
vesical ligatures.  Neither  can  excision  of  bladder  tumors  with  the  ther- 
mocautery followed  by  cauterization  of  the  base  of  implantation  to  stop 
the  bleeding,  without  packing,  be  advocated  as  a  satisfactory  procedure. 

Broadly  implanted  tumors  very  frequently  are  malignant  and  re- 
quire removal  of  the  whole  thickness  of  the  bladder- wall  together  with  a 
collarette  of  sound  bladder-tissue  about  half  an  inch  wide  surrounding 
the  base  of  the  growth.  The  most  favorable  location  of  those  tumors 
from  the  standpoint  of  extirpation  is  the  fundus  of  the  bladder,  because 
it  is  the  most  accessible  part  of  the  organ,  where  excision  and  total  clos- 
ure of  the  defect  are  very  simple  matters.  In  the  deeper  regions  of  the 
bladder,  we  make  a  circular  incision  half  an  inch  from  the  palpable  and 
visible  limit  of  the  neoplasm;  we  cut  down  on  to  the  paravesical  tissue 
and  bluntly  separate  the  thus  outlined  area  from  its  bed.  Bloodvessels  of 
large  calibre  must  be  secured  and  ligated,  superficial  bleeding  is  checked 
by  touching  the  point  with  the  red  hot  thermocautery.  In  such  cases,  it 
seems  advisable  to  pack  the  bladder  loosely  and  to  leave  the  cystotomy 
wound  open.  The  urine  is  then  gathered  in  frequently  changed  sterile 
gauze  pads,  and  that  accumulating  in  the  vesical  bas-fond  may  also  be 
satisfactorily  drawn  out  through  a  retained  catheter.  Making  patients 
continuously  lie  flat  on  the  abdomen,  following  Kilster's  method,  is  poorly 
tolerated  in  most  cases. 

Besides  cases  in  which  a  thorough  hemostasis  of  the  bladder-wall 
could  not  be  realized,  severe  cystitis  and  marked  contusion  of  the  bladder- 
walls  contraindicate  suture  of  the  vesical  incision.  Of  course,  in  such 
cases,  we  leave  also  the  major  part  of  the  abdominal  wound  open ;  but 
we  must  say  that  recently  Garr6  in  cases  of  that  type  advocated  repair- 
ing as  completely  as  possible  the  bladder  and  the  external  wound  and 
inserting  a  short  drain  in  the  region  of  the  suture  to  provide  an  outlet 
for  the  secretions  that  may  accumulate. 

Suture  of  the  Bladder. — Two  small  sharp  hooks  are  inserted  in  the 
angles  of  the  wound.  The  first  row  of  sutures  (fine  dry  iodin  catgut) 
picks  the  muscular  coat  about  i  inch  from  the  edge  of  the  wound  (but 
does  not  include  the  mucosa,  the  stitches  being  passed  close  to  the  edges 
of  the  latter),  at  intervals  varying  from  i  to  J  inch.  A  second  row  of 
sutures  with  fine  silk,  and  executed  after  the  principle  of  a  Lembert 
intestinal  suture,  buries  the  first  row  in  the  depth.  The  greater  part  of 
the  external  wound  remains  open,  a  strip  of  iodoform  gauze  is  laid  in 
the  region  of  the  vesical  suture,  another  one  in  Retzius'  space  when  the 
bladder  has  been  there  stripped  on  a  large  area  from  the  symphysis, 
which  however,  as  a  general  rule,  is  a  thing  to  be  avoided.  Recently 
V.  Hacker  proposed  to  make  the  inner  suture  exactly  as  indicated  above, 
and  the  second  (see  Fig.  616)  with  a  number  of  purse-string  sutures, 
each  one  burying  two  or  three  catgut  knots,  passed  through  the  fibrous 
cover  of  the  bladder.    Silk  is  the  material  selected  for  this  purpose,  as 
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here  the  threads  can  fall  outside  of,  but  not  inside  the  bladder.  Accord- 
ing to  V.  Hacker,  this  method  of  vesical  suture  has  been  satisfactorily 
tested  after  suprapubic  cystotomy  for  calculi,  papillomata,  intraperitoneal 
ruptures  of  the  bladder,  and  after  suprapubic  prostatectomy.  In  regard 
to  after-treatment,  urination  may  be  allowed  in  the  natural  way  if  the 
urine  is  aseptic,  or  we  may  leave  an  indwelling  catheter  for  the  first 
week ;  such  a  catheter  works  well  in  most  cases,  even  when  the  bladder 
is  left  completely  open ;  or  catheterization  is  performed  every  two  hours, 
a  careful  irrigation  of  the  bladder  being  permitted  each  time.    When  no 

pus  forms,  the  drain  and  the 
packing  are  withdrawn  from  the 
outer  wound  on  the  third  or 
fourth  day. 

In  intra-  and  extraperitoneal 
ruptures  of  the  bladder  without 
crushing  of  other  vital  organs, 
immediate  suture  after  exposure 
of  the  tear  is  indicated.  In  in- 
traperitoneal lacerations,  the  per- 
itoneal cavity  is  first  opened 
below  the  navel,  the  patient  lying 
flat  on  his  back:  the  urine  and 
blood  are  carefully  sponged  out 
with  large  gauze  pads,  or  the 
abdominal  cavity  is  washed  out 
freely  with  sterile,  physiological 
salt  solution  which  is  also  very 
thoroughly  drained  away.  The 
abdominal  cavity  is  carefully 
walled-off  from  the  lesser  pelvis  by  means  of  long  and  wide  gauze  com- 
presses and  a  search  is  begun  for  the  rent  in  the  bladder-wall.  If  situ- 
ated on  the  fundus  or  the  anterior  surface,  its  discovery  is  easy ;  but  if 
in  the  vesicorectal  or  vesicouterine  excavation,  finding  and  repairing  the 
laceration  may  prove  exceedingly  difficult.  The  pelvis  of  the  patient  is 
slightly  raised,  the  bladder  carefully  palpated,  the  edges  of  the  tear  are 
fastened  on  each  side  with  long  artery  forceps  or  loops  of  strong  silk, 
and  sutured  as  exactly  as  possible,  in  the  above-described  manner.  A 
rupture  of  the  peritoneum-covered  segment  of  the  bladder  is  repaired 
just  as  would  be  an  intestinal  wound,  namely,  by  an  internal  interrupted 
catgut  suture  (which,  however,  does  not  include  the  vesical  mucosa),  and 
an  external  interrupted  or  continuous  silk  Lembert  suture.  We  can  also 
convert  a  partly  intraperitoneal  and  partly  extraperitoneal  rupture  of  the 
bladder  into  a  purely  extraperitoneal,  by  detaching  on  both  sides  the 
parietal  peritoneum  for  a  certain  length,  suturing  it  to  the  anterior  blad- 
der-wall below  the  limit  of  the  tear  and  closing  it  in  the  midline.  In 
case  of  laceration  situated  very  deep  in  Douglas'  space,  one  must  be 
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sometimes  content  with  packing,  inserting  a  rubber  drainage-tube  and 
leaving  an  indwelling  catheter  in  the  urethra, 

lithotripsy-Iitholapaxy  ^ 

Bladder-stones  may  be  removed  bloodlessly,  that  is,  per  vias  naturales, 
without  recourse  to  the  knife,  by  lithotripsy,  an  operation  first  executed 
by  Civiale  in  1824.  In  1878,  the  operation  was  modified  by  Bigelow,  of 
New  York,  and  Thompson,  of  London,  who  followed  the  crushing  by  im- 
mediate removal  of  the  fragments  by  means  of  large  calibre  evacuating 
catheters  and  aspirators.  This  made  the  results  of  lithotripsy  better  and 
extended  the  scope  of  its  indications. 

The  instruments  used  for  the  operation,  lithotrites  and  evacuating 
catheters,  vary  in  size  from  No.  18  to  No.  28  of  the  Charriere  scale. 
Consequently,  a  prerequisite  of  the  operation  is  the  possibility  of  the 
canaj  admitting  such  sizes.  Tight,  non-dilatable,  stiff-walled  strictures 
rule  lithotripsy  out.  The  same  is  true  of  false  passages,  in  which  the 
instruments  go  astray  and  catch,  and  of  marked  hypertrophy  of  the  pros- 
tate which  sometimes  altogether  prevents  the  entrance  into  the  bladder 
of  the  almost  right-angled  beak  of  the  lithotrite. 

It  is  not  possible  to  set  a  definite  size  of  calculi  as  a  contraindication 
for  lithotripsy.  The  specialist  equipped  with  better  instruments,  thanks 
to  his  greater  skill,  will  be  able  under  favorable  vesical  and  urethral 
conditions,  to  operate  on  quite  large  stones,  for  instance  of  goose-egg 
size.  On  the  other  hand,  he  who  seldom  has  occasion  to  crush  stones 
will  prefer  cystotomy  already  for  calculi  of  the  size  of  a  hen's  egg.  In  a 
general  way,  we  may  say  that  stones  which  can  be  grasped  between  the 
blades  of  the  lithotrite  can  also  be  crushed  and  evacuated.  Large  cal- 
cium oxalate  calculi  oppose  so  much  resistance  to  crushing,  even  with 
the  best  steel  instruments,  that  the  latter  break  before  the  stone  does. 
For  the  same  reason,  lithotripsy  is  contraindicated  for  stones  which  have 
developed  around  a  metallic  nucleus,  for  instance,  lead  shot,  fragments 
of  catheters,  hairpins,  nails,  etc.  Calculi  harbored  in  diverticula  of  the 
bladder  are  not  accessible  to  the 
lithotrite  and  can  be  radically  re- 
moved only  by  the  cutting  opera- 
tion. 

Examination    with    the    stone  Fig.  617. -i  natural  size. 

searcher  (Fig.  617),  the  cystoscope 

and  X-rays  bring  forth  final  evidence  as  to  the  indications  or  contraindi- 
cations of  lithotripsy  in  any  given  case,  in  conformity  with  the  fore- 
going lines. 

According  to  the  size  of  the  calculus,  the  diameter  of  the  urethra,  the 
susceptibility  of  the  patient,  we  shall  choose  general  or  lumbar  anesthesia, 

^  Dr,  Schultheia,  of  Bad  Wildungen,  had  the  kindness  to  write  this  chapter  for  me. 
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or  local  anesthesia  of  the  bladder  and  urethra. 
Lumbar  anesthesia  quietens  the  bladder  best; 
to  obtain  the  same  result,  general  anesthesia 
must  be  deep;  if  superficial,  a  very  trouble- 
some tenesmus  of  the  bladder  easily  occurs 


a  b 

a,  b,  c,  Thompaon'a  litbotrites 


c,  Lithotrite  for  children 

Fig.  618. 


d  and  e.  Thompson'  Weisa'  lithotrites 
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during  the  aspiration  of  the  fragments.  Good  local  anesthesia  is  best 
obtained  with  pure  cocain,  of  which  IJ  ounces  of  a  2%  solution  are  in- 
jected into  the  previously  emptied  bladder  and  in  the  urethra,  and  held 
therein  for  eight  or  ten  minutes.  The  anesthetic  effects  last  on  an  aver- 
age from  twenty  to  thirty  minutes.  If  the  operation  requires  a  longer 
time  the  anesthetizing  process  may  be  repeated. 

The  preparation  is  the  same  as  for  a  bloody  operation  as  regards  the 
cleansing  of  the  operative  field,  sterilization  of  instruments,  use  of  sterile 
irrigating  solutions  (2%  boric  acid  solution)  and  sterile  lubricants  (olive 
oil  or  liquid  paraffin). 

Concomitant  purulent  cystitis,  as  often  observed  in  cases  of  phos- 
phatic  stones,  must  be  improved  by  daily  washings  of  the  bladder  con- 
tinued for  a  long  time.  A  tight  phimosis  must  be  operated  on  and  a 
narrow  external  meatus  enlarged,  as  preliminary  measures. 

The  patient  is  laid  on  his  back  on  a  table  and  a  hard  cushion  is  slipped 
under  the  buttocks.  The  operator  stands  to  the  right  side  of  the  patient. 
First,  irrigation  of  the  bladder  with  lukewarm  2%  boric  acid  solution, 
of  which  about  6  or  7  ounces  are  left  in  the  bladder.  With  a  suitable 
stone  searcher  (short  beak  standing  almost  at  a  right  angle  with  the 
shaft),  the  position  of  the  stone  at  this  particular  time  is  determined  and 
then  the  well-oiled  lithotrite  (Fig.  618)  is  introduced,  best  with  the  right 
hand,  which  holds  firmly  the  handle  of  the  instrument  so  that  its  beak  is 
directed  toward  the  abdomen  and  navel  of  the  patient  The  left  hand 
securely  grasps  the  penis  and  slips  it  over  the  lithotrite  as  far  as  it  will 
go.  Then  the  right  hand  while  lifting  the  lithotrite  describes  with  it  an 
arc  around  the  anterosuperior  iliac  spine,  and,  at  the  same  time  pushes 
it  down  to  the  bulb.  At  this  moment  the  lithotrite  stands  almost  per- 
pendicular to  the  patient's  body.  It  is  maintained  a  few  seconds  in  that 
position,  more  with  the  left  than  with  the  right  hand,  and  allowed  to 
glide  in  by  its  own  weight.  The  beak  enters  the  membranous  portion, 
goes  through  it  and  reaches  the  prostate.  Now  is  the  proper  time  to 
lower  progressively  the  handle  of  the  instrument  between  the  thighs  of  the 
patient.  This  motion  raises  the  beak  which  slides  through  the  prostatic 
urethra  to  the  bladder.  The  moment  the  beak  gets  within  the  latter  is 
evidenced  by  the  decrease  in  the  felt  resistance  and  the  possibility  to 
rotate  the  lithotrite  around  its  long  axis. 

Now  comes  the  search  for  the  stone  with  the  still  closed  lithotrite 
handled  for  this  purpose  as  a  stone  searcher.  If  we  come  in  contact  with 
the  stone,  we  open  the  blades  (see  Fig.  619)  and  try  by  rotation  move- 
ments to  catch  the  stone  between  the  blades  which  are  progressively 
more  and  more  spread  apart  according  to  the  size  of  the  calculus.  If 
successful  in  securing  the  stone,  we  rotate  the  lithotrite  around  its  long 
axis  so  as  to  bring  upward  the  beak  heretofore  directed  downward  and 
to  be  able  to  crush  the  stone,  not  in  the  bas-fond,  but  in  the  cavity  of  the 
bladder  itself,  thereby  avoiding  injury  to  the  vesical  walls.  Then  the 
lithotrite  is  firmly  grasped  with  the  left  hand  and  the  wheel  is  turned 
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slowly  and  regularly  with  the  right;  this  brings  the  male  and  female 
jaws  as  near  as  they  can  be  and  breaks  the  stone.  If  the  calculus  is 
hard  (urates,  oxalates)  its  cracking  is  audible.  With  those  stones,  we 
may  use  either  fenestrated  or  non-fenestrated  instruments.  But,  if  we 
have  to  crush  soft  stones  (phosphates,  cystin)  which  do  not  break  into 
sharp  fragments  but  are  ground  into  friable  d&yris  and  sticky  pulp,  we 


must  take  only  fenestrated  lithotrites  in  which  the  male  blade  squeezes 
the  pulp  through  the  fenestrated  female  blade.  With  non-fenestrated 
lithotrites,  the  sticky  phosphatic  sand  may  clog  and  fill  the  jaws,  so  that 
the  instrument  cannot  be  closed  any  longer  and  can  hardly  be  removed 
without  great  difficulty  and  injury  to  the  urethra.    When  the  stone  is 


Fig.  620. 

fragmented  in  several  pieces,  these  are  picked  up  again  and  treated  in 
similar  fashion.  Entrapping  the  vesical  mucosa  or  wall  with  the  stone 
is  avoided,  or  at  least  the  chances  of  doing  it  are  lessened,  by  a  ridge  exist- 
ing on  the  female  jaw;  however,  it  may  happen  in  markedly  uneven  (tra- 
beculated)  bladders,  or  in  case  of  polyps  or  papillomata,  especially  of 
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tumors.  Therefore,  after  a  fragment  has  been  picked  up  between  the 
blades,  the  lithotrite  must  always  be  firat  brought  back  in  the  cavity  of 
the  bladder,  beak  upward  against  the  abdominal  wall,  before  crushing  13 
begun.  If  the  bladder-wall  or  any  soft  part  has  been  caught,  this  rota- 
tion of  the  instrument  is  impossible  or  very  limited.  Enough  stress 
cannot  be  laid  for  the  beginner  on  this  precautionary  measure.  When 
the  stone  is  crushed  in  small  pieces  about  half  or  one-fourth  the  size  of  a 
lentil,  and  no  more  large  fragments  are  felt,  the  lithotrite  is  taken  out; 
its  handle  is  slowly  depressed  by  the  right  hand  toward  the  umbilicus, 
while  the  left  hand  strips  the  penis  from  the  instrument. 

Next,  the  evacuating  tube  (Fig.  620)  is  introduced.  We  take  the 
largest  calibre  that  can  be  freely  passed  through  the  canal.  A  few 
vigorous  washes  of  the  bladder  with 
Janet's  sterilizable  syringe  already 
bring  out  part  of  the  d&rris.  Then 
the  bladder  is  filled  with  seven 
ounces  of  boric  acid  solution  and 
the  aspirator  connected.  The  as- 
pirator previously  has  been  filled  to 
overflowing  with  boric  acid  solu- 
tion: care  is  taken  while  adjusting 
it  not  to  let  any  air  in,  as  it  would 
considerably  hinder  suction.  A 
slow  compression  of  the  bulb  (Pigs. 
621  and  622;  the  detachable  instru- 
ment represented  tn  Fig.  621  is 
more  convenient  than  the  one  rep- 
resented  in  Fig.  622)  pumps  the 
bulb  contents  into  the  bladder. 
Relaxation  of  the  same  bulb  sucks 
the  bladder  contents  and  the  crushed 
sand  into  the  washing  bottle.  The 
process  is  carried  on  until  no  more 
bits  of  stone  come  up.  By  applying 
the  ear  on  the  bladder  region,  we 

may  hear  if  fragments  strike  the  metal  catheter  during  suction.  If 
a  stone  becomes  impacted  in  the  eye  of  the  tube,  the  best  thing  to  do 
is  to  shove  it  back  into  the  bladder  with  the  mandrin. 

Ideal  titholapaxy  consists  in  introducing  the  lithotrite,  crushing  the 
stone  or  stones  in  small  fragments  and  aspirating  the  dSbris,  all  in  one 
sitting.  Fortunately,  there  exist  a  great  number  of  cases  in  which  this 
can  be  done,  well  suited  to  demonstrate  the  superiority  of  lithotripsy 
over  lithotomy.  But  in  many  cases  the  instruments  must  be  reintro- 
duced several  times.  Again  and  again,  we  find  a  fragment  too  large  to 
pass  through  the  eye  of  the  evacuating  tube.  This  may  naturally  scratch 
more  or  less  deeply  the  bladder  and  urethra:  hence  the  rule  to  grind  the 
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stone  as  finely  as  possible  before  aspiration  is  started.  If  we  cannot 
finish  in  one  sitting,  a  second  attempt  is  made  a  week  later.  Anyway 
it  is  always  in  the  interest  of  patients  that  the  voluminous  instruments 
used  in  lithotripsy  should  not  be  introduced  too  often  in  any  one  sitting. 
The  final  step  is  washing  the  bladder  with  a  1  to  1,000  silver  nitrate 
solution. 

If  the  operation  could  be  completed  without  too  many  passages  of  in- 
struments, and  if  the  patient  emptied  well  his  bladder  before  the  litho- 
tripsy, rest  in  bed  for  twenty-four  hours  with  ice-bags  on  the  intestines 
and  bladder  region  suffices.  If  retention  of  urine  is  feared  on  account 
of  swelling  due  to  a  somewhat  rough  handling  of  the  canal,  or  if,  prior  to 
the  operation,  the  patient  already  had  partial  or  complete  retention,  an  in- 


FiG.  622. 


dwelling  catheter  is  left  for  the  first  two  or  three  days.  But,  as  an  aver- 
age, we  can  allow  patients  out  of  bed  after  twenty- four  hours.  If  cystitis 
develops,  the  proper  treatment  must  be  instituted;  this  complication, 
however,  is  decidedly  less  frequent  if  urotropin  has  been  administered 
for  a  few  days  preceding  the  crushing. 

Litholapaxy  is  certainly  a  good  operation,  especially  in  skilled  hands. 
In  former  times,  the  charge  was  made  that  it  is  not  a  radical  procedure, 
that  fragments  are  retained  in  the  pouches  and  folds  of  the  bladder,  and 
form  as  many  nuclei  for  new  stones.  But  this  contingency  is  excluded 
by  cystoscopy  which  must  be  performed  about  a  week  after  every  litho- 
lapaxy. If  really  a  stone  dibris  then  is  found,  it  is  easily  removed  by 
aspiration. 

We  cannot  enter  more  in  detail  into  the  study  of  minor  adjuvant  arti- 
fices which  every  surgeon  with  increasing  practise  in  the  operation  will 
devise  for  himself.  In  this  respect  I  refer  the  reader  to  the  comprehen- 
sive special  treatises  on  the  question,  for  instance.  Sir  Henry  Thompson's 
"Lithotomy  and  Lithotripsy." 
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CyMtoMtomy  (Poneet). — Make  a  short  longitudinal  incision  just  above 
the  symphysis:  draw  forward  the  bladder-wall  with  sharp  hooks  or  trac- 
tion loops  and  suture  the  opening  in  the  bladder  as  exactly  as  possible  all 
around  the  external  wound. 

Exatrophy  of  the  Bladder. — The  older  methods  of  treatment  of  ex- 
strophy of  the  bladder  by  simple  or  double  skin  flaps  are  not  employed 
any  longer.  The  same  is  true  of  Sonnenburg's  extirpation  of  the  bladder 
followed  by  implantation  of  the  ureters  into  the  urethral  groove.  Tren- 
detenfrwrj;  chisels  through  both  sacro-iliac  synchondroses  and  for  a  long 
time  (eight  to  ten  weeks)  presses  both  halves  of  the  pelvis  together  so  as 


to  bring  the  edges  of  the  fissure 
as  close  to  one  another  as  pos- 
sible, then  avives  circularly  the 
edges  of  the  malformed  bladder 
and  of  the  urethral  groove,  and 
sutures  them.  The  method  most 
frequently  resorted  to  is  un- 
questionably that  of  MaydX.  Maydl  dissects  the  exstrophic  bladder  free 
down  to  the  trigone  of  Lieutaud,  together  with  the  mouths  of  both  ureters 
and  the  ureters  themselves,  and  implants  the  whole  area  of  vesical  wall 
into  the  sigmoid  flexure.  Besides  Maydl,  numerous  authors  have  re- 
ported brilliant  successes  with  this  method  and  ascending  infection  of 
the  ureters  and  renal  pelvis,  greatly  feared  by  many,  seems  to  occur  only 
comparatively  seldom.  Therefore,  the  method  is  well  worth  a  little  more 
than  a  simple  passing  notice.  It  is  essential  not  to  administer  any 
cathartic  during  the  preparation  of  the  patient:  only  just  before  the 
operation,  the  rectum  and  flexure  ought  to.  and  even  must  be  thoroughly 
washed  out.  The  bladder  is  incised  all  around,  its  lower  part  cut  away 
from  the  urethral  groove  and  dissected  free  extraperitoneally.  The  ure- 
ters are  also  isolated  for  a  short  length  after  catheters  have  been  passed 
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up  into  their  lumina.  Next  comes  the  reduction  of  the  bladder  to  a  rec- 
tangular or  elliptical  flap  of  at  least  a  square  inch  area  after  which  the 
peritoneum  is  incised  and  the  flexure  delivered  through  the  wound  (see 
Fig.  623). 

Bereliua,  carrying  out  the  suggestions  of  his  assistant  Berglund,  modi- 
fied the  further  steps  of  MaydX's  technique  as  follows:  Once  the  sigmoid 
flexure  is  drawn  outside,  both  legs  of  the  loop  are  stitched  together  par- 
allel as  the  two  barrels  of  a  shotgun,  as  for  an  artificial  anus,  and  a  large 
anastomotic  mouth  is  created  between  the  bases  of  both.  Through  this 
anastomosis,  the  feces  are  led  directly  from  the  descending  colon  into 


Pig.  626. 

the  rectum  and  do  not  pass  near  the 
base  of  the  bladder  implanted  into 
the  sigmoid  flexure.  Then  the  latter 
is  pushed  back  into  the  abdomen 
until  only  the  rounded  top  of  the  loop 
protrudes  through  the  wound  (Fig. 
f '<^-  626.  625) ;  the  bowel  is  opened  through 

one  of  its  longitudinal  bands,  and  the 
bladder  implanted  there  by  means  of  a  double  row  of  sutures,  the  first  of 
which  takes  only  the  intestinal  serosa  and  the  connective  tissue  cover  of 
the  bladder,  and  therefore  is  a  sort  of  Lembert  suture  analogous  to  that 
used  for  a  gastro-enterostomy  and  is  placed  before  the  bowel  is  opened. 
The  second  row  of  sutures  (Fig.  625,  below)  first  picks  the  mucosa  of  the 
bowel  close  to  its  edge,  then  the  muscular  coat  and  the  serosa  more 
widely,  then  the  bladder-wall  and  mucosa  close  again  to  its  edge.  Then 
the  bladder  (or  rather  what  is  left  of  it)  is  hinged  upward.  First, 
a  suture  is  placed  similar  to  the  last  described,  then  an  anterior 
Lembert  burying  suture  (Fig.  626).    We  can  go  still  farther  and  com- 
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pletely  bury  in  the  depth  the  sutured  area  of  bladder  by  Lembert  stitches 
taking  far  laterally  a  square  bite  of  intestinal  mucosa,  so  that  once  the 
operation  is  completed  only  the  ureters  appear  to  emerge  from  the  ridge 
on  top  of  the  sigmoid  flexure.  The  latter  is  restored  to  its  normal  intra- 
peritoneal position,  the  peritoneal  incision  is  repaired,  the  lowest  stitches 
being  passed  so  as  to  anchor  the  flexure  to  the  anterior  abdominal  wall. 
The  abdominal  wound  is  closed  after  a  drainage  has  been  established 
by  means  of  iodoform  gauze  strips.  Figs.  623  to  626  inclusive  are  bor- 
rowed from  Enderlen^s  work  in  the  Sammlung  Klinischer  Vortrage. 

2.  Operations  on  the  Kidney  and  Ureter 

In  a  great  majority  of  cases,  we  expose  the  kidneys  from  behind 
through  the  lumbar  region.  They  lie  there  covered  in  their  greater  part 
by  the  powerful  sacro-lumbar  mass  of  muscles,  the  lateral  edge  of  which 
shows  us  where  to  incise  to  reach  the  kidney.  The  tip  of  the  twelfth 
rib  is  an  unreliable  landmark  for  the  incision,  because  the  length  and 
course  of  said  twelfth  rib  are  exceedingly  variable.  Coming  summarizes 
these  variations  as  follows:  **The  length  of  the  twelfth. rib  goes  from 
J  inch  to  5J  inches.  When  long,  the  rib  runs  parallel  with  the  eleventh 
and  obliquely  downward;  when  short,  it  is  more  horizontal.  When  ex- 
posing the  kidney,  we  may  widen  the  operative  field  by  resecting  the 
outer  third  of  a  long  twelfth  rib  without  running  any  danger  of  wound- 
ing the  pleural  cavity,  especially  the  costo-diaphragmatic  sinus,  which 
normally  begins  a  little  below  the  articulation  of  the  twelfth  rib  with  the 
twelfth  dorsal  vertebra  and  crosses  about  horizontally  the  anterior  aspect 
of  the  twelfth,  eleventh,  and  tenth  ribs.  On  the  contrary,  if  the  rib  is 
short,  resection  of  its  free  end  will  result  in  opening  the  pleural  cavity. 
Therefore,  before  beginning  to  resect  the  twelfth  rib,  we  must  always 
determine  the  length  and  course  of  the  same."  Normally,  the  kidney  is 
situated  so  high  that  half  of  it  lies  above,  and  half  of  it  bjelow  the 
twelfth  rib:  the  right  kidney  is  a  little  lower  than  the  left.  The  different 
structures  to  be  divided  during  exposure  of  the  kidney  will  be  more 
accurately  described  and  diagrammatically  figured  later. 

Whenever  possible,  any  operation  on  the  kidney  must  be  preceded  by 
a  chemical  and  microscopical  urinalysis,  eventually  also  by  an  exact  bac- 
teriological examination  of  separate  specimens  collected  from  each  one 
of  the  kidneys.  This  is  not  the  place  to  expound  the  numerous  methods 
devised  for  this  purpose.  When  a  stone  is  suspected,  careful  X-ray  ex- 
aminations give  us  definite  evidence  as  to  the  presence,  location,  size  and 
number  of  calculi.  If  those  rules  of  caution  be  obeyed,  we  shall,  as  far 
as  is  in  human  power,  avoid  seeing  nephrectomized  patients  die  either 
because  there  was  only  one  single  kidney,  or  because  the  remaining  one 
was  deficient  in  its  function.  Palpation  of  the  kidney  through  a  laparot- 
omy incision  is  only  a  poor  makeshift,  which  occasionally  may  prove 
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useful  when,  for  instance,  in  a  case  of  abdominal  trauma,  serious  injury 
to  one  kidney  is  found.  Unfortunately,  palpation  gives  us  information 
only  as  to  the  presence  of  the  other  kidney,  and  means  nothing  as  to  its 
condition  and  functional  value. 

In  operations  for  kidney  disease,  asepsis  pure  and  simple  must  be  the 
law.  We  must  as  much  as  possible  avoid  using  antiseptics  for  irrigatinsf 
or  packing,  and  general  anesthesia  must  be  shortened  to  the  utmost.  We 
use  ether  for  narcosis,  with  morphin  as  an  adjuvant,  because  of  its  less 
noxious  action  on  the  kidney,  and  we  shun  chloroform  for  those  cases. 
Even  for  the  extraperitoneal  operation,  a  thorough  evacuation  of  the 
bowels  is  advisable. 

The  indications  for  nephrotomy,  taking  this  word  as  simply  meaning 
exposure  of  the  kidney,  are  extremely  numerous  and  will  be  briefly  enu- 


merated here  in  the  order  in  which  they  will  be  considered  separately 
later: 

1.  Injuries  of  the  kidney.  2.  Anuria.  3.  Nephritis  {Edebohls).  4. 
Para-  and  perinephritic  suppurations.  5.  Abscesses  of  the  kidney.  6. 
Tuberculosis  of  the  kidney.  7.  Nephrolithiasis  and  ureteral  calculi.  8. 
Tumors  of  the  kidney.  9.  Retention  tumors  of  the  kidney.  10.  Displace- 
ments of  the  kidney.' 

Position  of  the  Patient  for  Nephrotomy.— To  expand  to  the  widest 
possible  degree  in  lumbar  nephrotomy  the  space  between  the  iliac  crest 
and  the  ribs,  the  patient  is  turned  on  the  sound  side  and  a  thick  and  firm 
rolled  pad  is  slipped  under  the  loin  region,  or  the  latter  is  raised  by 
means  of  a.  Koenig  bench  (Fig,  627).  The  head  is  also  supported  on  a 
flat  cushion,  the  leg  of  the  sound  side  is  flexed  in  the  hip  and  knee  joints, 
that  of  the  other  side  extended.     To  prevent  the  body  from  tumbling 

'  The  meaning  here  given  to  the  word  nephrotomy  is  somewhat  broader  than  the 
usual  definition,  which  is  incision  in  the  kidney  parenchyma  proper.  In  this  current 
and  more  restricted  sense,  nephrotomy  would  be  more  particularly  indicated  in  2.  5,  7. 
and  9;  and  fairly  frequently  in  3,  4,  and  ^.—Translaliyr. 
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over  completely,  and  in  order  to  maintain  a  steady  position,  the  anesthe- 
tist holds  the  upper  part  of  the  body,  another  assistant  the  pelvis. 

In  marked  kyphoscoliosis,  the  ribs  and  the  iliac  crest  may  be  so  close 
together  that  the  kidney  can  only  be  reached  by  the  abdominal  route. 

/ncwion.— Palpate  the  last  rib,  the  crest  of  the  ilium  and  the  edge  of 
the  long  extensor  muscles  of  the  neck.  The  incision  which  Simon  used 
in  1869  for  the  first  nephrectomy  on  record  begins  on  the  eleventh  rib 
and  follows  exactly  the  edge  of  the  erector  trunci  muscle,  extending  down- 
ward more  or  less  far,  according  to  the  thickness  of  the  adipose  subcuta- 
neous layer,  but  always  at  least  till  the  middle  of  the  interval  between 
the  twelfth  rib  and  the  iliac  crest. 

Koenig's  angular  incision  (chosen  by  us  in  most  cases  and  also  used 
by  many  other  operators,  because  it  gives  an  extraordinarily  good  view) 
begins  as  Simon's  incision.  At  a  point  about  level  with  the  umbilicus  it 
bends  forward,  and,  when  necessary,  may  be  carried  in  the  direction  of 
the  navel  to  the  external  edge  of  the  rectus  abdominis  muscle,  i;.  Berg' 
mann's  oblique  incision  begins  on  the  lower  end  of  the  twelfth  rib,  on 
the  lateral  border  of  the  sacrospinalis  (or  erector  trunci)  muscle,  runs 
obliquely  forward  and  ends  in  the  middle  of  a  line  uniting  the  navel  and 
the  antero-superior  iliac  spine.  In  fatty  individuals,  it  is  advisable  to 
make  the  skin  incision  a  little  longer  and  start  it,  not  on  the  edge,  but 
on  the  belly  itself  of  the  sacrolumbalis  mass  of  muscles  on  a  level  with 
the  eleventh  and  twelfth  ribs. 

Israel's  incision  is  about  the  same  as  v.  Bergmann's.  These  oblique 
incisions  have  the  advantage  that  they  may  be  lengthened  easily  forward 
to  the  external  edge  of  the  rectus,  thus  exposing  the  whole  course  of  the 
ureter.  They  can  also  (Kocher)  be  prolonged  vertically  downward  to 
Poupart's  ligament  along  the  same  outer  edge  of  the  rectus;  thus  we 
gain  access  to  the  lowest  portion  of  the  ureter  down  to  its  entrance  into 
the  bladder. 

The  kidney  is  reached  from  behind  only  after  incision  of  the  lumbo- 
dorsal  fascia  which,  dividing  into  two  layers  on  the  edge  of  the  sacro- 
lumbar  muscle,  ensheaths  this  latter  muscular  mass  and  is  inserted  into 
the  transverse  processes  of  the  lumbar  vertebrae,  into  the  lowest  rib  and 
the  spinous  processes;  from  it  also  arises  part  of  the  internal  oblique  and 
transverse  muscles  of  the  abdomen  (see  Fig.  628).  Over  the  fascia  still 
lies  the  latissimus  dorsi  muscle  which  runs  obliquely  from  above  and 
outside  inward  and  downward.  The  latissimus  dorsi  itself  is  covered 
only  by  the  outer  skin  and  a  thin  fascia  which  is  part  of  the  general 
external  fascia  of  the  body.  After  dividing  the  lumbodorsal  fascia  along 
the  border  of  the  sacrospinal  muscle,  we  meet  the  tough  posterior  leaf 
of  the  renal  fascia,  which,  running  ventral  to  the  quadratus  lumborum 
and  psoas  muscles,  covers  the  fatty  capsule  of  the  kidney.  The  renal 
fascia  is  part  of  the  transversalis  fascia  of  the  abdomen.  If  now  we 
incise  this  dorsal  leaf  of  the  renal  fascia  close  to  the  sharp  edge  of  the 
quadratus  lumborum,  wounding  the  peritoneum  or  the  ascending  or 
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descending  colon  (according  to  the  side  operated  on)  is  practically  im- 
ptssible.  The  fatty  capsule  is  formed  by  lobulated  soft  adipose  tissue, 
which  can  be  easily  dilacerated  and  separated  on  both  sides  from  the 
kidney.  Under  normal  conditions,  we  then  see  the  lower  pole  of  the 
organ  stilt  wrapped  in  its  fibrous  capsule.  The  suprarenal  bodies  lie, 
attached  to  the  kidney,  between  both  layers  of  the  renal  fascia;  but,  as 
a  rule,  they  are  not  seen  when  the  kidney  is  freed  from  its  fatty  capsule. 
In  the  accompanying  cut  (Fig. 
628)  these  anatomical  relations  are 
shown  on  a  cross-section  in  a  very 
diagrammatic  way;  2  =  latissimus 
dorsi ;  s  =  sacrolumbalis ;  g  =  quad- 
ratus  lumborum;  p  =  psoas;  e  =  ex- 
ternal oblique  of  the  abdomen;  i  — 
internal  oblique  of  the  abdomen; 
t  =  transverse  of  the  abdomen ;  r  — 
kidney,  c  ■=  colon.  The  lumbodor- 
sal  and  the  renal  fascia  are  indi- 
cated by  heavy  black  lines ;  the  per- 
itoneum by  two  fine  parallel  lines. 
To  sum  up  in  a  few  words,  we 
successively  have  to  incise:  1.  The 
skin  and  subcutaneous  adipose  tis- 
sue. 2.  The  fascia  superficialis. 
3.  The  latissimus  dorsi  muscle  and 
a  few  digitations  of  the  serratus 
posticus  and  inferior  muscle.  4. 
The  lumbcdorsal  fascia.  5.  The 
Fig.  628.  dorsal  leaf  of  the  renal  fascia.    6. 

The  fatty  capsule  of  the  kidney. 
The  successive  steps  of  exposure  of  the  kidney  through  a  Koenig 
incision  would  therefore  be  about  as  follows :  Incision,  as  described  above, 
through  the  skin  down  onto  the  superficial  fascia,  beginning  above  on  the 
external  border  of  the  erector  trunci  muscle  and  on  the  eleventh  rib, 
or  between  the  eleventh  and  twelfth  ribs,  descending  vertically  for  about 
4  inches  and  curving  forward  toward  the  umbilicus.  Complete  hemo- 
stasis  of  the  skin  and  subcutaneous  tissue.  Division  of  the  external  fas- 
cia, first  in  the  vertical  segment  of  the  incision,  and  of  the  underlying 
latissimus  dorsi  which,  in  muscular  individuals,  may  present  a  consider- 
able thickness  (Fig.  629).  Beneath  the  latissimus,  we  still  have  to  cut 
one  or  two  digitations  of  the  serratus  posticus  and  inferior.  Now 
appears  the  tendinous  and  shining  lumbodorsal  aponeurosis,  which  is 
incised  along  the  lateral  border  of  the  erector  trunci,  or  rather  of  its  lat- 
eral portion,  the  iliocostal  muscle.  The  border  of  the  latter  is  vertical, 
while  the  sharp  edge  of  the  flat  belly  of  the  quadratus  lumborum,  situated 
under  the  aponeurosis,  descends  obliquely  downward  and  outward.    In 
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the  lower  part  of  the  incision  the  ilio-hypogastric  nerve  is  seen  alonir 
the  edge  of  the  quadratus  lumborum;  together  with  the  latter,  the  ilio- 
costal, and  the  posterior  lip  of  the  aponeurotic  incision,  it  ia  retracted 
backward  by  means  of  broad  and  blunt  hooks.  The  fascial  structure  that 
appears  then  is  the  dorsal  layer  of  the  renal  fascia;  once  this  is  incised 
we  reach  the  adipose  capsule  of  the  kidney.  If  more  room  is  necessary 
we  now  divide  along  the  horizontal  segment  of  the  external  skin  inci- 
sion the  lumbodorsal  fascia  from  which  arise  the  internal  oblique  and 
transverse  of  the  abdomen;  so  doing,  we  reach  a  little  farther  outside  the 


edge  of  the  external  oblique  of  the  abdomen,  which,  according  to  the 
special  needs  of  the  case,  is  only  notched  or  split,  b&  much  as  possible 
parallel  with  its  fibres.  When  dividing  the  lumbodorsal  fascia,  we  find 
at  once  the  muscular  bellies  of  the  internal  oblique  and  transverse  of  the 
abdomen.  If  we  proceed  methodically,  injury  to  the  peritoneum,  which 
ia  still  protected  by  the  transversalis  fascia,  as  are  al£o  the  ascending 
and  descending  colons,  is  impossible.  Spurting  bloodvessels  (twelfth 
intercostal  and  first  lumbar  arteries)  are  forthwith  clamped  and  llgated. 
If  now  we  still  divide  the  fascia  transversalis  and  the  posterior  leaf  of 
the  renal  fascia  in  the  horizontal  part  of  the  incision,  we  have  the  ana- 
tomical relations  represented  in  Figs.  629  and  630.  The  adipose  perire- 
nal capsule  is  incised  in  a  point  and  carefully  stripped  off  the  kidney  by 
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blunt  dissection,  toward  both  sides.  As  soon  as  we  see  in  any  point  the 
bluish  kidney,  we  insert  the  tips  of  both  index  fin^rs  in  the  slit  and 
enlarge  the  latter  in  all  directions,  above,  below,  and  laterally,  and  clear 
free  the  upper  pole  from  the  surrounding  mass  of  fat  Frequently  the 
adhesions  between  the  fat  and  the  gland  are  stronger  there,  especially 
when  there  are  accessory  bloodvessels.  Firm  bands  are  best  immediately 
clamped  with  two  long  forceps,  cut  between  the  two,  and  ligated.  In 
case  of  very  large  kidneys  adhering  above  toward  the  concavity  of  the 
diaphragm  or  the  liver,  the  best  way  to  fetch  out  the  upper  pole,  the  sur- 
geon standing  to  the  dorsal  side  of  the  patient,  is  for  him  to  turn  his 


back  to  the  latter  and  introduce  his  hand,  fingers  extended  upward 
Iwhind  the  kidney;  the  right  hand  for  the  left  kidney,  and  viceveraO^ 
When  the  kidney  is  freed  to  the  hilum,  it  is  delivered  through  the  wound. 
A  lung  compress  of  gauze  is  laid  over  the  wound  around  the  pedicle, 
bufurtt  and  behind.  An  assistant  grasps  the  pedicle  from  above  and 
IwldW  between  the  thumbs  and  forefingers,  compresses  it,  and  draws  the 
kidney  out.  The  further  steps  vary  according  to  the  nature  of  the  lesion. 
When  the  kidney  itself  has  been  properly  attended  to,  it  is  restored 
til  its  normal  position  and  the  fatty  capsule  is  sutured  over  it  by  a  few 
tiulgiil  atitches.  The  divided  muscles  and  the  transversalis  fascia  (or 
duiaal  Itmf  of  the  renal  fascia)  are  also  repaired  with  strong  silk  sutures 
liBgiiiiiing  in  the  outer  and  anterior  angle  of  the  wound,  up  to  the  aper 
III"  lliu  nirve  of  the  incision. 
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If  the  operation  on  the  kidney  was  perfectly  aseptic  (no  operation 
opening  the  renal  pelvis  can  be  considered  as  entirely  aseptic),  the 
vertical  part  of  the  incision  can  also  be  closed;  first,  the  muscles  are 
approximated  by  buried  catgut  stitches,  and,  finally,  the  outer  skin  and 
superficial  fascia  are  sutured  with  silk.  In  most  kidney  operations,  how- 
ever, even  nephropexy,  a  large  portion  of  the  vertical  incision  remains 
open  and  is  used  to  bring  out  a  gauze  packing  laid  over  or  below  the 
kidney. 

After  nephrotomy,  the  patients  are  turned  somewhat  on  the  diseased 
side  with  the  upper  part  of  the  body  slightly  elevated  and  must  be  kept 
in  bed  about  four  weeks. 

In  traumatic  injuries,  we  cut  down  to  the  kidney  in  case  of  hemor- 
rhage threatening  by  its  abundance  or  persistency  and  which  does  not 
yield  to  rest  in  bed,  ice-bags,  subcutaneous  administration  of  morphin, 
eventually  aided  by  injections  of  gelatin.  We  nowadays  have  become 
very  conservative  in  the  treatment  of  injuries  of  the  kidney.  In  exten- 
sive ruptures  of  the  gland  we  find  in  most  cases  a  large  quantity  of  blood- 
clots  in  the  vicinity  of  the  kidney ;  these  are  carefully  removed.  In  such 
cases,  tremendous  hemorrhages  may  start  afresh  as  soon  as  the  fatty  cap- 
sule is  opened.  In  the  well-known  case  of  Nasse,  one  of  the  most  severe 
hemorrhages  of  the  kidney  on  record,  three  weeks  after  injury,  at  op- 
eration (to  which  I  happened  to  be  present),  when  the  capsule  was  in- 
cised, blood  gushed  out  as  if  from  an  aneurysm.  Nasse  packed  hastily 
and  from  the  outside  went  between  the  renal  fascia  and  the  fatty  capsule 
down  to  the  hilum,  clamped  and  ligated  the  vessels,  as  the  condition  of 
the  almost  completely  exsanguinated  child  demanded  a  quick  termina- 
tion of  the  surgical  interference. 
The  patient  recovered.  In  such 
cases  requiring  haste,  it  is  best 
to  grasp  the  renal  pedicle  from 
above  and  from  below  with  two 
curved  Pian  artery  clamps  (Fig. 
631)  and  to  cut  it  distal  to  the 
clamps,    leaving    however    a    cer-  Fig.  631. 

tain  length  of  the  pedicle  protrud- 
ing between  the  blades  of  the  instrument  so  as  to  be  able  to  separate  the 
ureter  and  the  different  bloodvessels  from  each  other  and  to  clamp  and 
ligate  them  one  at  a  time.  Except  when  the  hilum  of  the  kidney  is  torn 
off,  or  when  the  gland  is  crushed  in  many  small  fragments,  we  must 
always  try  to  save  the  organ,  provided  the  condition  of  the  patient  allows 
it  Single  tears  in  the  kidney,  even  when  extending  to  the  renal  pelvis, 
are  repaired  with  large,  strongly  curved  round  needles  with  a  blunt  point, 
and  catgut.  The  kidney  being  drawn  out  as  much  as  possible,  the  needle 
is  inserted  half  an  inch  or  an  inch  away  from  the  edge  of  the  laceration, 
the  distance  being  directly  proportional  to  the  depth  of  the  latter;  the 
fibrous  capsule  of  the  kidney  must  always  be  picked  in  the  suture ;  the 
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needle  is  then  carried  beyond  the  bottom  of  the  rupture,  even  if  in  some 
cases  it  should  bring  us  very  near  the  mucosa  of  the  renal  pelvis  (with- 
out however  ever  taking  the  latter  in  the  suture  loop) ;  finally,  the  needle 
is  brought  out  in  a  point  symmetrical  to  that  of  entrance  on  the  opposite 
side  of  the  kidney  wound.  The  threads  are  passed  at  intervals  of  about 
i  inch  and  tying  is  begun  only  when  all  have  been  placed.  When  the 
threads  are  being  tied,  the  edges  of  the  kidney  wound  are  pressed  together 
with  the  fingers,  and  the  stitches  are  tightened  only  to  the  extent  neces- 
sary to  make  both  surfaces  apply  exactly  on  each  other,  without  exerting: 
any  strong  pressure  upon  the  renal  cortex.  When  the  kidney  fills  up 
with  blood,  once  the  compressed  hilum  is  released,  it  swells  a  little  and 
the  sutures  hold  somewhat  more  firmly.  If  blood  still  oozes  between  the 
deep  sutures,  add  a  few  superficial  stitches  tied  just  in  the  same  way  as 
the  deep.  If  only  one  pole  of  the  kidney  is  crushed,  we  may  make  a 
wedge-shaped  excision  with  a  sharp  knife,  sloping  our  incision  on  each 
side  toward  the  renal  pelvis  and  closing  by  suture  the  gap  between?  the 
remaining  parts  of  the  parenchyma.  Here  again,  while  tying  the  knots, 
coaptation  is  obtained  by  means  of  the  fingers  and  not  by  simply  pulling: 
on  the  threads.  Mattress  sutures  are  also  used  in  those  kidney  resections 
to  stop  the  hemorrhage  when  direct  approximation  of  both  edges  is  not 
practicable.  In  such  cases,  Schede  used  to  apply  a  tampon  of  gauze  on 
the  bleeding  surface  and  to  fasten  it  there  by  a  catgut  stitch,  taking 
on  each  side  a  bite  of  the  edge  of  the  wound  and  pressing  firmly  the  tam- 
pon on  the  underlying  surface.  Then  a  Mikulicz  tent  of  sterile  (not 
iodoform)  gauze  is  laid  over  the  kidney  and  brought  out  through  the  verti- 
cal portion  of  the  external  incision,  while  the  horizontal  part  is  closed. 

If,  when  operating  for  intraperitoneal  hemorrhage,  we  find  an  injured 
kidney,  we  may  still  perform  the  necessary  work  from  the  abdominal 
cavity  after  splitting  the  peritoneum  in  a  point  lateral  to  the  ascending 
or  descending  colon,  according  to  the  side;  but  it  is  best  to  drain  through 
the  loin  and  to  close  the  slit  in  the  posterior  peritoneum  to  protect 
against  possible  secondary  infection  (see  below.  Transperitoneal  Nephrot- 
omy). 

Technique  in  Cases  of  Anuria. — Anuria  occurs  in  nephritis,  nephro- 
lithiasis, renal  tuberculosis;  it  may  also  be  reflex  (Israel).  If  we  do  not 
find  in  the  pelvis  or  ureter  an  obstructing  stone  which  evidently  is  the 
cause  of  the  condition,  we  must  in  most  cases  resort  to  splitting  of  the 
kidney  for  which  the  so-called  autopsy  incision  is  the  most  frequently 
used.  Attention  must  be  paid  to  the  fact  that  the  renal  artery  divides 
at  the  hilum  into  anterior  and  posterior  branches  (see  Fig.  632,  imitated 
from  Coming)  which  are  unequally  developed,  about  the  anterior  three- 
fourths  of  the  kidney  being  supplied  by  the  anterior  branches  and  only 
the  posterior  fourth  by  the  posterior.  Therefore  when  splitting  the  kid- 
ney, we  must  leave  more  parenchyma  before  the  incision  than  behind; 
according  to  Zondek,  we  must  keep  i  or  J  inch  behind  the  convex  border 
and  cut  exactly  in  the  direction  of  the  hilum,  that  is,  of  the  bifurcation 
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of  the  renal  artery  (Fig.  632)  if  we  want  to  avoid  wounding  important 
arterial  twigs  and  the  subsequent  necrosis  of  large  areas  of  renal  paren- 
chyma. Grasp  the  kidney  firmly  between  the  thumb  and  forefinger  of 
the  left  hand,  have  an  assistant  compress  the  hilum,  first  cut  with  a 
broad-bellied  scalpel  the  middle  part  of  the  convex  border  of  the  kidney 
equally  distant  from  both  poles,  down  to  the  renal  pelvis,  introduce  the 
right  forefinger  into  the  latter  and  palpate  it  in  all  directions.  Then 
hold  the  incision  into  the  kidney  well  gaping  with  smooth  and  blunt 
retractors,  and  split  under  control  of  the  eye  with  a  knob-end  knife 
(Kocher)  as  far  as  is  necessary  to  enable  us  to  execute  the  contemplated 
work  on  the  renal  pelvis. 

Marwedel  speaks  highly  of  transversal  splitting  of  the  kidney,  as  first 
advocated  by  Hermann,  be- 
cause it  wounds  no  more  blood- 
vessels than  the  longitudinal 
incision,  the  technique  is  easy, 
a  spurting  vessel  can  easily 
be  clamped  and  ligated  after 
both  halves  of-  the  organ  have 
been  folded  apart,  finally  the 
renal  pelvis  is  more  easily 
reached.  Afor«Jcd«I  used  trans- 
versal nephrotomy  five  times 
in  uncomplicated  nephrolithi- 
asis, but  wants  to  restrict  its 
application  to  cases  of  that 
type. 

An  exploratory  incision  in 
the  kidney  is  sutured  accord- 
ing to  the  rules  and  precaution- 
ary measures  set  forth  on  page 
676  (Fig.  633). 

In  r«Wex  anuria,  in  so- 
called  essential  hemorrhagts  of  the  kidney,  without  discoverable  cause, 
suture  of  the  kidney  must  be  abandoned  and  the  pelvis  and  kidney  in- 
cision packed  with  sterile  gauze.  In  cases  thus  packed,  the  horizontal 
part  of  the  external  incision  is  completely,  the  vertical  only  partly 
repaired  by  several  tiers  of  sutures. 

Edebohl's  decapsulation  of  the  kidney,  on  whose  value  in  nephritis 
and  eclampsia  opinions  are  still  much  at  variance,  will  here  be  described 
only  briefly.  The  patient  lies  on  the  abdomen  with  an  air-cushion  under 
the  latter  to  push  upward  the  lumbar  region,  so  that  the  operator  can 
expose  both  kidneys  without  moving  the  patient.  Simon's  incision.  The 
renal  fascia  is  incised  for  the  whole  length  of  the  kidney,  which  when- 
ever possible  is  shelled  out  from  its  fatty  capsule,  and  delivered  through 
the  wound.    The  fibrous  capsule  of  the  kidney  proper  is  incised  on  the 
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convex  border  for  a  short  length,  a  grooved  director  or  a  Kocher  spatula 
is  insinuated  between  the  parenchiTna  and  the  capsule;  the  latter  is  split 
from  one  jrale  to  the  other,  and  detached  with  utmost  caution,  as  in 
nephritis  it  often  very  firmly  adheres  to  the  parenchyma.  The  stripping 
is  carried  to  the  hilum,  where  the  capsule  is  cut  off.  The  kidney  is 
replaced  in  the  adipose  capsule  and  the  outer  wound  completely  cl(Ked. 
Lauenstein  recently  published  two  cases  in  which,  after  one  kidney  had 
been  removed,  decapsulation  and  splitting  of  the  other  kidney  rid  the 
women  of  a  distressing  condition.  I  remember  also  very  vividly  a  case 
of  Koenig's,  in  which  anuria  occurred  in  a  young  girl  with  a  very  severe 
unilateral  renal  tuberculosis; 
a  speedy  recovery  followed 
splitting  and  partial  decapsu- 
lation of  the  kidney  with 
drainage.  In  a  few  cases  of 
eclampsia  decapsulation  of  the 
kidney  gave  good  results. 

In  para-  and  perinephrmtie 
Muppurationa,  make  an  oblique 
incision  in  the  lumbar  region, 
so  that,  if  necessary,  it  may 
be  lengthened  downward  in 
case  the  pus  should  have  bur- 
rowed into  the  retroperitoneal 
tissue  and  the  true  pelvis.  The 
abscess  cavity  is  opened,  pal- 
pated with  the  finger  and  long 
blunt  sounds,  all  recesses  are 
drained,  all  septa  destroyed, 
and  counterincisions  made 
wherever  necessary;  the  kid- 
ney is  then  found  and  what- 
ever pus  it  may  contain  evac- 
uated. 
Acute  aappmative  procetaea  of  the  kidney  may  involve  the  paren- 
chyma, or  the  renal  pelvis,  or  both  at  the  same  time.  There  are  two 
rival  methods  of  treatment,  namely  nephrotomy  '  (splitting  of  the  kid- 
ney) with  drainage  and  packing,  and  nephrectomy.  Whichever  of  those 
two  methods  is  best  suited  for  a  given  case  can  be  decided  only  from 
the  j)articular  findings  in  the  same.  If  after  simple  splitting  (nephrot- 
omy) there  remain  fistula  suppurating  freely  and  exhausting  the  patient, 
we  make  a  secondary  nephrectomy,  provided  of  course  there  is  another 
sound  kidney.  In  such  a  nephrectomy  the  ureter,  must  be  excised  as  low 
down  as  possible  and  its  stump  stitched  to  the  external  wound  so  as  to 
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be  able  to  give  it  local  treatment  if  necessary  and  to  ward  off  the  forma- 
tion of  pus  cavities  and  development  of  other  fistulous  tracts. 

Tuberculosis  of  the  Kidney. — In  tuberculosis  of  the  kidney,  ne- 
phrectomy is  generally  indicated ;  partial  resection  of  the  organ,  that  is, 
amputation  of  a  pole  can  be  resorted  to  only  in  exceedingly  rare  cases, 
as  when  the  diagnosis  is  established,  the  disease  in  most  cases  involves 
already  the  whole  of  the  kidney.  However,  we  may  consider  the  advisa- 
bility of  such  partial  operations  especially  when  the  condition  is  bilateral 
or  when  the  tuberculosis  is  macroscopically  so  well  limited  that  there  is 
a  good  likelihood  of  removing  all  of  the  diseased  tissue  by  a  partial 
excision.  If  the  renal  pelvis  is  also  markedly  implicated  in  the  vicinity 
of  the  lesions  showing  on  the  cortex  of  the  kidney,  the  whole  organ 
must  be  removed,  because  this  means  always  involvement  of  the  whole 
renal  pelvis.  By  clamping  temporarily  the  renal  pedicle  during  the 
operation  we  may  in  most  cases  determine  easily  how  far  the  disease 
has  progressed  toward  the  pelvis  and  modify  our  procedure  accordingly 
(see  Resection  of  the  Kidney  in  Injuries,  page  674). 

Tuberculosis  of  the  excretory  channels  of  urine,  even  when  it  cannot 
be  completely  eradicated  by  operative  treatment,  and  bladder  tuberculo- 
sis do  not  constitute  contraindications  to  nephrectomy.  Again,  a  slight 
tuberculous  involvement  of  the  other  does  not  prevent  us  any  longer 
from  removing  a  seriously  diseased  kidney.  It  is  proved  beyond  contes- 
tation that,  under  proper  general  treatment,  secondary  propagations  of 
tuberculosis  can  heal  without  further  operation,  once  the  primary  focus 
has  been  removed.  The  relatively  rare  forms  of  ascending  tuberculosis 
of  the  urinary  tract  (primary  lesion  in  the  bladder,  secondary  extension 
to  the  ureters  and  kidneys)  have  therefore  a  much  more  unfavorable 
prognosis,  and  invite  prudence  when  it  comes  to  deciding  on  operative 
treatment  In  such  cases,  GarrS  advises  to  restrict  operative  interfer- 
ence to  pus  retention  and  severe  hemorrhages.  I  shall  still  recall  here 
the  remarkably  good  results  attained  by  Rovsing  in  bladder  tuberculosis 
by  vesical  irrigations  of  carbolic  acid  solution.  He  injects  into  the  blad- 
der 3J  ounces  of  a  5%  solution  of  carbolic  acid  warmed  to  body  tempera- 
ture, drains  it  away  after  five  minutes  and  repeats  the  process  two  or 
three  times  until  the  solution  does  not  come  out  turbid  any  more.  The 
irrigations  are  given  every  other  day  until  cystoscopy  shows  a  perfectly 
healthy  bladder,  and  microscopical  examination  a  perfectly  normal 
urine.  Often  two  or  three  weeks  are  enough  to  change  the  vesical 
ulcerations  into  pale  and  smooth  scars. 

Nephrectomy 

The  kidney  is  bared  and  its  pedicle  freed,  as  said  above  on  page  672. 
When  the  bloodvessels  of  the  hilum  are  clearly  seen,  we  clamp  the  ped- 
icle as  near  the  spinal  column  as  possible,  with  two  long  curved  clamps, 
but  without  taking  in  the  ureter.     If  the  bloodvessels  can  easily  be 
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reached  separately,  we  always  begin  by  ligating  the  artery  in  two  points 
and  cutting  it  between  the  two  ligatures.  As  in  the  renal  pedicle  the 
bloodvessels  run  anteriorly,  while  the  renal  pelvis  and  ureter  lie  back  of 
them,  it  is  best  to  tilt  the  kidney  backward  to  ligate  the  vessels  and  to 
rotate  it  forward  in  order  to  find,  doubly  ligate,  and  sever  the  ureter 
between  the  ligatures.  The  silk  thread  used  to  tie  the  vesical  stump  of 
the  ureter  is  left  long,  so  as  to  enable  us  quickly  to  find  again  said 
stump  and  to  excise  it  later  as  far  down  as  possible.  If  the  hilum  is 
strongly  adherent  to  surrounding  organs,  we  may  occasionally  be  com- 
pelled to  place  a  stout  silk  ligature  all  around  the  renal  pedicle,  just 
central  to  the  clamps,  and  to  tie  it  as  firmly  as  possible ;  then  to  excise 
the  kidney,  leaving  in  situ,  for  the  time  being,  some  of  the  parenchyma 
which  later  will  be  excised  piecemeal.  When  adhesions  are  exceedingly 
tough  and  strong,  when  the  kidney  cannot  be  delivered  at  all  through 
the  wound,  we  may  be  compelled  to  leave  some  diseased  tissue  be- 
hind. That,  despite  this  fact,  a  permanent  cure  of  the  renal  tubercu- 
losis can  be  obtained  is  proved  by  cases  reported  by  Koenig.  If  the 
bloodvessels  have  been  singly  ligated,  we  still  add,  as  a  further  safety, 
a  ligature  en  masse  around  the  whole  pedicle,  central  to  the  clamps, 
which  are  slowly  released  and  removed  one  at  a  time  while  the  knot  is 
being  tied,  so  that  the  latter  may  be  tightened  very  firmly.  As  a  rule, 
when  the  ureter  is  not  markedly  altered  we  simply  ligate  and  bury  it. 
But  when  in  severe  tuberculosis  of  the  kidney  it  is  very  much  thickened, 
it  must  be  followed  downward  as  far  as  possible  (see  below.  Exposure  of 
the  ureter),  there  ligated  or  split  and  stitched  to  the  external  wound 
where  later  it  may  receive  proper  irrigation  treatment.  After  nephrec- 
tomy for  tuberculosis  of  the  kidney  the  huge  wound  cavity  is  packed 
with  gauze  strips,  the  free  end  of  which  is  brought  out  through  the 
lower  angle  of  the  wound,  if  Koenig^ s  incision  was  used.  The  horizontal 
segment  of  the  incision  is  completely  closed.  The  vertical  portion  is  left 
completely  open  in  cases  of  severe  suppuration,  in  which  the  wound  cav- 
ity is  drained  by  means  of  a  thick  rubber  tube  and  packed  with  a  Miku- 
licz gauze  tent  (no  iodoform). 

After-Treatment  of  Nephrectomy. — The  patient  lies  on  his  back: 
this  presses  the  abdominal  organs  backward  and  favors  spontaneous 
obliteration  of  the  vast  cavity.  The  daily  amount  of  urine  is  carefully 
watched.  After  all  kidney  operations,  the  daily  output  is  always  about 
3i  ounces  less  than  normal,  but  in  favorable  cases  it  increases,  so  that 
after  a  week  or  ten  days  it  reaches  again  the  normal  mark.  The  drain 
is  taken  away  on  the  second  or  third  day;  if  nothing  comes  through  it 
and  there  is  no  fever,  the  gauze  packing  is  cautiously  removed  a  few 
days  later.  Nephrectomized  patients  must  stay  about  four  weeks  in  bed 
and  receive  a  nephritis  diet. 

Transperitoneal  Nephrectomy.— In  very  large  tumors  of  the  kidney, 
nephrectomy  by  the  anterior  route,  through  the  free  abdominal  cavity, 
is  sometimes  to  be  preferred.     It  gives  a  very  wide  approach  and  accu- 


URINARY  AND  GENITAL  ORGANS  679 

rate  information  in  the  simplest  possible  way  about  the  presence  and 
size  of  the  other  kidney.  A  previous  thorough  evacuation  of  the  bowel 
is  very  important.  The  patient  is  laid  on  the  sound  side,  preferably  on 
a  table  specially  fitted  to  maintain  the  body  in  the  lateral  position,  or 
simply  with  a  thick  cushion  slipped  under  the  diseased  side.  Median 
incision,  more  or  less  long  according  to  the  thickness  of  the  adipose 
layer.  If  the  median  incision  does  not  afford  ample  room,  a  transversal 
incision  across  the  rectus  muscle  of  the  diseased  side  is  added  to  it.  I 
share  Kocher's  opinion  that  such  an  incision  does  less  irretrievable  dam- 
age than  a  paramedian,  as  with  the  latter  almost  all  the  nerves  entering 
the  rectus  muscle  are  necessarily  severed.  A  search  is  made  for  the 
hepatic  or  splenic  flexure  of  the  colon  according  to  the  side  operated  on; 
the  parietal  peritoneum  is  incised  a  little  more  than  an  inch  from  the 
lateral  border  of  the  colon ;  as  the  latter  receives  its  blood-supply  on  its 
medial  border,  said  blood-supply  is  not  leastways  in  danger.  The  ventral 
layer  of  the  renal  fascia  and  the  fatty  capsule  of  the  kidney,  the  lips  of 
the  peritoneal  and  fascial  slits  are  all  fastened  with  artery  or  peritoneal 
forceps.  We  can  also  clamp  together  the  posterior  and  the  anterior 
peritoneum,  especially  on  the  medial  side,  to  shut  off  the  operative  field 
from  the  abdominal  cavity.  For  the  same  purpose  Poncet  sutures  to- 
gether both  peritoneal  surfaces.  With  the  transperitoneal  operation  we 
reach  easier  the  anterior  aspect  of  the  renal  vessels,  we  can  without 
difficulty  ligate  the  latter  separately  (the  artery  first),  shell  out  the 
kidney,  detach  and  treat  adhesions  under  direct  control  of  the  eye.  In 
perfectly  aseptic  cases,  after  checking  very  minutely  all  bleeding,  we 
suture  the  slit  made  in  the  posterior  peritoneum  and  close  the  abdominal 
cavity  without  drainage  or  packing.  If  we  have  any  doubts  in  mind, 
we  pack  with  a  gauze  strip,  the  free  end  of  which  is  brought  out  through 
the  free  abdominal  cavity  and  the  lateral  angle  of  the  wound.  The 
abdominal  cavity  walls  off  the  gauze  strip  by  adhesions,  so  that  whatever 
secretion  is  present  is  led  out  without  danger. 

Nephrolithiasis 

Matthes,  of  Garrffs  clinic,  published  not  long  ago  an  exhaustive  paper 
on  the  choice  of  the  method  of  operation  in  renal  lithiasis,  the  contents 
of  which  coincide  in  their  essentials  with  the  recent  experience  of  other 
surgeons  and  with  our  own,  and  from  which  I  therefore  shall  borrow 
the  following  data.  Radiography  enables  us  to  detect  every  renal  stone 
with  the  exception  of  the  very  rare  calculi  of  pure  uric  acid.  We  can 
also  determine  with  safety  their  size,  number,  position  in  the  renal  pel- 
vis, parenchyma  or  ureter,  and  from  the  intervals  between  the  different 
stones,  draw  deductions  concerning  the  dimensions  of  the  pelvis  of  the 
kidney. 

Nephrolithotomy,  that  is,  removal  of  the  stone  through  the  kidney 
parenchyma  {Morris^  1880)  and  pyelolithotomy  {Czemy,  1880)  are  the 
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two  competing  methods  of  treatment.  Israel,  whose  name  looms  high  in 
the  treatment  of  surgical  diseases  of  the  kidney,  chooses  nephrolithotomy 
as  the  regular  method  and  resorts  to  pyelolithotomy  only  for  stones  en- 
closed in  the  renal  pelvis  and  sending  no  branches  into  the  calices,  as 
these  offshoots  break  off  easily.  Ziickerkandl  and  Kuster  prefer  pyelo- 
lithotomy ;  the  latter  removes  stones  wedged  in  a  calyx  by  incising  the 
fibrous  ring  from  the  inside  of  the  pelvis.    HUdebrand  and  Kapsammer 

• 

concur  in  Kilster's  opinion.  The  transparenchymatous  route  was  pre- 
ferred for  a  number  of  years  because  of  the  fear  of  urinary  fistulae  after 
pyelolithotomy.  In  former  times,  GarrS  himself  used  pyelolithotomy  only 
when  the  kidney  could  be  delivered  through  the  wound  well  enough  to 
allow  the  placing  of  several  rows  of  sutures.  But  since  Zuckerkandl 
showed  that  suture  of  the  renal  pelvis  was  not  necessary  for  a  healing 
without  persistent  fistula,  and  Israel  that  a  persistent  sinus  was  not  due 
to  a  defective  suture,  but  to  some  obstacle  impeding  the  outflow  of  urine, 
Garri  has  removed  by  pyelolithotomy  calculi  up  to  the  size  of  a  walnut, 
and  even,  in  a  few  cases,  left  the  renal  pelvis  unsutured :  recovery  was 
uneventful.  Now  he  considers  large  coralliform  calculi  as  the  only  ones 
unsuitable  for  pyelolithotomy.  The  latter  method  is  also  contraindicated 
in  infectious  pyelitis,  in  pyonephrosis  and  in  progressing  inflammatory 
conditions  which  do  not  permit  exposure  of  the  pelvis.  The  charge  made 
against  pyelolithotomy,  that  it  is  a  somewhat  blind  operation  with  which 
stones  may  be  easily  overlooked,  can  be  met  by  the  fact  that  X-rays 
enable  us  to  count  accurately  the  calculi,  and,  besides,  the  latter  can  well 
be  found  by  bimanual  palpation. 

Pyelonephrolithotomy  constitutes  a  transition  between  the  two  pre- 
ceding operative  methods;  the  pelvis  of  the  kidney  is  opened  through  its 
lower  surface  and  the  incision  is  prolonged  through  the  parenchjona  in 
the  direction  of  the  ordinary  median  bisection  imtil  the  stone  can  be 
dislodged. 

Nephrolithotomy. — IsraeVs  oblique  incision,  eventually  lengthened 
downward  in  the  direction  of  the  ureter.  Stripping  of  the  kidney  be- 
tween the  fatty  and  fibrous  capsules,  and  of  the  renal  pelvis  and  ureter. 
Assistants  compress  the  renal  pedicle  between  their  fingers;  or  a  rubber 
tube  is  passed  around  the  same,  or  elastic  clamps  are  applied  just 
tight  enough  to  stop  the  circulation  without  damaging  the  bloodvessels. 
Splitting  of  the  kidney  along  its  convex  border,  first  in  the  middle  (see 
above,  page  674),  palpation  with  the  forefinger  of  the  inside  surface  of 
the  renal  pelvis,  lengthening  of  the  incision  and  cutting  of  the  fibrous 
bands  with  a  knobbed  knife.  Removal  of  the  calculi  with  the  bent 
forefinger  or  stone  scoops,  great  pains  being  taken  not  to  contuse  the 
parenchyma  of  the  kidney.  A  probe  is  introduced  into  the  ureter.  A 
stone  stopped  in  the  upper  portion  of  the  ureter  may  sometimes  be  pushed 
back  into  the  pelvis.  If  the  probe  does  not  pass  down  to  the  bladder,  a 
little  indigo-carmine  solution  is  injected  through  a  fine  catheter;  the  blad- 
der is  then  catheterized  and  we  can  see  whether  the  solution  has  freely 
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reached  the  bladder  through  the  ureter.  Suture  of  the  kidney  as  said 
before.  In  suppurative  processes,  and  when  the  ureter  is  blocked,  the 
renal  pelvis  and  the  outer  wound  are  drained  and  packed;  but  the  angles 
of  the  wound  may  be  sutured  to  make  the  latter  a  little  smaller.  In  case 
the  kidney  has  been  completely  closed,  the  greater  part  of  the  outer 
wound  is  repaired:  a  single  spot  is  left  open,  through  which  a  gauze  strip 
laid  over  the  line  of  suture  in  the  kidney  is  brought  out. 

Pyelolithotomy. — The  kidney  is  delivered  through  the  wound  and 
tilted  toward  the  middle  line.  The  pelvis  is  incised  in  the  direction  of 
the  ureteral  outlet  and  for  a  sufficient  length  to  allow  the  stones  to  be 
extracted  without  contusing  the  edges  of  the  incision.  The  latter  is 
closed  by  an  interrupted  suture  of  very  fine  dry  catgut,  taking  in  the 
external  connective  tissue  layer  and  the  muscular  coat,  but  not  the 
mucosa,  which  suture  later  is  itself  buried  under  a  continuous  suture  of 
fine  silk  similar  to  a  Lembert  intestinal  suture.  The  peripelvic  adipose 
tissue  which  has  been  cautiously  pushed  away  laterally  is  reunited  by  a 
few  catgut  stitches.  A  gauze  strip  is  placed  near  the  line  of  suture  and 
the  outer  wound  closed. 

Tumors  of  the  kidney  in  most  cases  command  nephrectomy.  Only  in 
rare  cases  of  benign  tumors  shall  we  occasionally  have  a  chance  to  resort 
to  partial  resection  of  the  organ.  In  large  malignant  newgrowths, 
neoplastic  thrqmbosis  reaching  as  far  as  the  vena  cava  is  not  unfrequent 
A  varicocele  developing  very  quickly  with  the  renal  tumor  and  strong 
dilatation  of  the  veins  of  the  adipose  capsule  frequently  attract  our 
attention  to  such  a  cancerous  thrombosis.  Next  to  the  transperitoneal 
operation,  Koenig's  incision  is  that  giving  most  room  for  the  extirpation 
of  tumors  of  the  kidney.  The  latter  is  detached  together  with  its  fatty 
capsule,  the  bloodvessels  of  the  pedicle  and  the  ureter  are  separated  from 
each  other;  great  attention  is  paid  to  the  possible  presence  of  a  thrombus 
into  the  vein  which,  if  such  be  the  case,  must  be  ligated  beyond  the  end 
of  said  thrombus.  If  the  vein  tears  out,  pack  immediately,  remove  the 
tumor  as  speedily  as  possible,  look  cautiously  in  the  cavity  for  the  bleed- 
ing point,  and  clamp  and  ligate  it  when  found.  We  may  sometimes  be 
compelled  to  leave  clamps  permanently.  Occasionally  segments  of  the 
vena  cava  have  been  resected,  or  this  large  bloodvessel  has  been  ligated 
transversely.  It  is  not  possible  to  foresee  all  contingencies  that  may 
arise  during  a  nephrectomy  for  a  malignant  newgrowth. 

Tumora  of  the  renal  pelvis  are  exactly  treated  in  the  same  way  as 
those  of  the  kidney. 

Retention  Tumors  of  the  Kidney. — The  plastic  operations  on  the 
renal  pelvis  devised  to  overcome  an  obstacle  to  the  flow  of  urine  situated 
at  the  origin  of  the  ureter  or  in  the  initial  segment  of  the  latter  have 
been  reviewed  exhaustively  by  Kroiss  in  Vol.  LVIII  of  the  Beitrdge  zur 
klinischen  Chirurgie,  I  borrow  the  following  summary  and  illustrations 
from  this  well  worth  reading  paper. 

Restoration  of  the  urinary  passages  in  case  of  genuine  stricture  of 
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the  uppermost  portion  of  the  ureter  was  carried  out  in  the  year  1892  by 
Fenger  and  at  the  same  time,  independently  of  the  latter,  by  Kiister,  in 
two  radically  different  ways.  Fenger  (Fig.  634)  used  a  technique  abso- 
lutely analoerous  to  the  Hmiecke-Mikulicz  plastic  procedure.  He  splits 
(Fig.  634,  A)  from  outside  the  ureter  stenosed  below  its  origin;  the  longi- 


tudinal incision  divides  the  strictured  point  and  extends  up  to  the  pelvis. 
Next,  by  means  of  two  traction  loops,  this  longitudinal  incision  is  changed 
into  a  transversal  which  is  closed  by  an  interrupted  suture  not  includ- 
ing the  mucosa  itself.  Whenever  possible,  this  is  done  in  such  a  way  as 
to  have  a  slight  dilatation 
of  the  ureter  at  the  former^ 
ly  strictured  point  (Fig. 
634,  C). 

Kiister'a  technique  cor- 
responds in  the  main  to  that 
of  Kocker  for  gastro-duo- 
denostomy  after  resection  of 
the  pylorus;  before  KHister, 
Riedel  had  already  carried 
out  a  similar  procedure. 
Kiister  ligated  (Fig.  635,  A) 
the  ureter  in  a,  directly  at 
its  exit  from  the  renal  pel- 
vis, severed  it  there  and  in 
Pig-  635.  f,  below  the  strictured  point 

and  split  it  parallel  with  its 
long  axis.  Then  he  implanted  the  duct  into  a  new  orifice  made  in  the 
walls  of  the  renal  pelvis  (Fig.  635,  B) ;  the  best  way  to  do  this  is  to  open 
said  pelvis,  to  draw  the  split  end  of  the  ureter  inside  of  it  through  a 
lateral  slit,  and  to  suture  the  ureter  to  the  deepest  point  with  a  number 
of  very  fine  catgrut  stitches.  Finally,  the  renal  pelvis  is  closed  in  the 
manner  described  above  (page  681). 

Kuster's  method  was  modified  by  Delbet  in  the  manner  represented  in 
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Fig.  636.    Delbet  leaves  the  ureteral  orifice  itself  untouched,  makes  at  a 

certain  distance  of  it  a  circular  incision  (Fig.  636,  a)  and  implants  the 

ureter,  together  with  the  ring  of 

renal  pelvis,  into  the  lowermost 

point  of  the  split  pelvis  (Fig. 

636,  6)  in  a  way  similar  to  that 

used  by  Riedel  in  his  first  case. 

Trendelenburg  devised  and 
once  carried  out  a  method  to  do 
away  with  the  spurlike  forma- 
tion which  in  renal  retentions 
often  stands  between  the  pelvis 
and  the  ureter.  From  the  inside 
of  the  opened  pelvis  (Fig.  637), 
a  narrow  knife  or  one  of  the 
branches  of  a  pair  of  scissors 
are  introduced  into  the  ureteral 
orifice  and,  by  one  stroke,  the  jux- 
taposed walls  of  the  ureter  and 
renal  pelvis  forming  the  spur  are 
split  from  above  downward  to 
the  most  dependent  point  (Fig.  637,  A).  To  keep  the  edges  of  the  cut 
from  coalescing  again,  the  corresponding  lips  of  the  incision  in  the 
ureteral  and  pelvic  mucosje  are  reunited  by  a  continuous  catgut  suture 


Fig.  636. 


(Fig.  637,  B).     Thus  is  created  a  V-shaped  mouth  extending  down  to  the 
lowest  point  of  the  pelvis  and  preventing  accumulation  of  residual  urine. 
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In  opposition  to  this  latter  method,  called  also  the  transpelvic  valve 
operation.  Fencer  devised  two  extrapelvic  methods.  Here  again,  his 
technique  was  based  upon  the  principle  of  Heinecke-MikiUicz'  pyloro- 
plasty, already  mentioned  about  the  treatment  of  ureteral  strictures.  The 
spur  is  split  lengthwise  and  the  edges  of  the  incision  stitched  crosswise. 
According  to  the  degree  of  renal  ptosis,  we  use  either  one  of  the  tech- 


niques represented  in  Pigs.  638  and  639,  which  need  no  further  explana- 
tion. 

Albarran  has  proposed  to  short-circuit  the  urine  around  the  obstacle 
by  an  operation  comparable  to  gastro-enterostomy  in  pyloric  stenosis. 
He  proceeds  as  follows:  A  longitudinal  incision  about  i  or  8  inch  long  is 
made  in  the  ureter,  whenever  possible  on  a  level  with  the  lowest  point  of 


the  renal  pelvis.  Then  we  palpate  the  inside  of  the  sac  to  find  the  thin- 
nest, and  if  possible  also,  lowest  point  of  the  wall  where  we  make  an 
incision  as  long  as  that  made  on  the  ureter,  but  directed  perpendicularly 
to  the  latter,  that  is,  transversely  (Fig.  639a).  When  now  we  shall 
suture  both  incisions,  each  angle  of  one  will  correspond  to  the  middle  of 
the  other,  and  the  lumen  of  the  anastomotic  communication  will  assume 
a  lozenge  shape  which  increases  the  patency  (Fig.  639b).  The  posterior 
edges  are  sutured  first,    a  drain   is   then    introduced   which  is  later 
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withdrawn  through  a  short  slit  in  the  pelvis,  when  the  operation  is 
completed,  and,  finally,  the  anterior  edges  are  sutured  (Fig,  639b). 

In  cases  of  hydronephrosis  due  to  ptosis  of  one  kidney  and  consecu- 
tive kinking  or  flexuosities  of  the  ureters,  simple  high  fixation  of  the 

kidney  ought,  theoretically  at  least, 
to  bring  about  a  cure,  when  the  ure- 
ter can  be  perfectly  straightened  by 
traction.     But  this  simple  operation 


Fig.  639a. 


Fig.  639b. 


does  not  in  most  cases  do  away  with  an  unfavorable  disposition, 
namely,  the  high  insertion  of  the  ureter  into  the  pelvis,  leading  to  the 
production  of  a  pouch  situated  below  the 
origin  of  the  ureter  and  called  the  bas- 
fond.  IsraeVs  technique  (Fig.  640)  aims 
at  obliterating  the  dead  space  by  infold- 
ing the  walls  of  the  cul-de-sac  by  several 
superposed  rows  of  sutures  {IsraeVs 
pyeloplicaiion) .  Fig.  640  shows  how 
Israel  was  able,  in  one  case,  to  straighten 
by  a  special  suture  the  tortuous  ureter, 
the  first  part  of  which  ran  an  obliquely 
ascending  course.  Albarran  suppresses 
the  cul-de-sac  by  excising  it  together 
with  the  adjoining  part  of  the  kidney  by 
a  simple  straight  incision  and  closing 

the  defect  in  the  pelvic  wall  by  a  continuous  suture,  in  the  kidney 
parenchyma  by  two  or  three  separate  stitches  (Figs.  640a,  640b 
and  640c). 

All  of  these  procedures  must  be  supplemented  by  a  thorough  an- 


dreter 


Fig.  640. 
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choragre  of  the  kidney  to  the  posterior  abdominal  wall,  in  the  manner  that 
will  be  described  later. 

In  pyonephroMem,  sacciform  pus  kidneys  as  KUater  terms  them,  we 
may  first  make  a  simple  nephrostomy,  exposing  the  sac  through  as  short 
an  incision  as  possible,  suturing  it  to  the  edges  of  the  external  wound, 
opening  it  and  palpating  the  inside;  and  then  wait  till  the  suppuration 
abates  and  convincing  evidence  is  obtained  that  the  remnant  of  kidney 
parenchyma  is  still  capable  of  function.  In  a  second  sitting,  either  the 
kidney  is  extirpated  if  worthless,  or  one  of  the  above-described  plastic 
operations  on  the  pelvis  and  ureter  is  performed.  As  finding  the  pyelo- 
ureteral  orifice  is  oftentimes  difficult,  AWarran  advocates  preliminary 


cystoscopic  eatherization  of  the  ureter.  After  the  nephrostomy,  the 
sac  often  shrinks  to  a  surprising  extent  and,  thanks  to  this  fact,  finding 
the  ureter  already  becomes  much  easier.  The  duct  must  be  freed  down- 
ward for  a  sufficient  length  and  all  kinks,  strictures,  and  constricting 
bands  destroyed.  Then  the  entrance  to  the  ureter  is  found  through  a 
pyelotomy  opening  or  a  pyelonephrotomy,  the  incision  of  which  is  length- 
ened along  the  convex  border  of  the  kidney  more  or  less  far  according  to 
needs.  The  finding  of  the  outlet  is  facilitated  by  tugging  on  the  ureter 
which  dimples  the  walls  of  the  pelvis  in  one  point  corresponding  to  the 
sought  orifice.  The  patency  of  the  ureter  may  be  tested  by  an  injec- 
tion of  indigo-carmine  followed  by  catheterization  of  the  bladder.  After 
good  drainage  conditions  of  the  renal  pelvis  into  the  ureter  have  been 
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established,  the  cavity  of  the  sac  is  drained  outside  by  means  of  drains 
and  gauze  strips  and  the  wound  in  the  kidney  or  renal  pelvis  partly 
closed.  Introducing,  as  Albarran  does,  a  ureteral  catheter  up  to  the  sac 
is  but  little  employed;  but  Alharran's  reports  show  that  it  is  well  toler- 
ated even  when  left  in  situ  for  several  weeks. 

Nephropexy  {Nephrorrhaphy)  was  first  devised  by  Hahn  for  the  cure 
of  movable  kidney.   His  method  has  been  modified  in  many  respects,  as  at 


Pic.  ML 


the  beginning  it  did  not  give  very  satisfactory  end-results.  All  methods 
aim  at  insuring  the  broadest  possible  anchorage  of  the  kidney  to  the 
posterior  abdominal  wall.  Methods  taking  in  only  the  fibrous  capsule 
are  very  unsafe;  those  including  in  a  number  of  stitches  the  renal  paren- 
chyma, together  with  the  fibrous  capsule,  are  already  better;  but  the 
most  certain  as  to  results  are  those  applying  directly  and  broadly  the 
kidney  cortex  itself  on  the  posterior  abdominal  wall  after  partial  decap- 
sulation of  the  organ.    In  all  methods,  the  wound  remains  partly  open. 
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a  large  packing  is  laid  over  the  kidney  and  removed  only  after  about  two 
weei£s,  so  that  there  results  a  fibrous  cicatricial  cord  going  from  the 
surface  down  to  the  kidney  and  forming  a  sort  of  suspensory  band. 
Koenig  generally  performed  nephropexy  by  thoroughly  freeing  the  kidney 
from  its  bed  through  a  Simon  incision,  in  order  to  destroy  all  adhesions 
which  might  eventually  have  drawn  down  the  kidney  back  to  its  former 
abnormal  position.  Many  other  surgeons  lay  also  very  special  stress 
upon  the  value  of  this  particular  point.  Once  the  renal  capsule  is  split, 
the  kidney  must  be  pushed  toward  the  lumbar  wound  by  the  closed  fist  of 
an  assistant  pressing  strongly  on  the  abdomen.  The  edges  of  the  inci- 
sion in  the  adipose  perirenal 
capsule  are  best  fastened  by  a 
number  of  artery,  or  Mikulicz 
peritoneal,  clamps  (Fig.  641). 
Then  the  fatty  tissue  is  blunt- 
ly stripped  from  the  kidney, 
the  latter  is  brought  to  its 
correct  position,  one-half 
above,  one-half  below  the 
twelfth  rib.  By  means  of  large 
curved  needles  and  strong  cat- 
gut (dry  iodin  catgut),  we 
then  fasten  on  one  side  the 
lumbodorsal  fascia  inserted 
into  the  twelfth  rib  (Fig.  642) 
or  carry  the  needle  as  subperi- 
osteally  as  possible  around  the 
same  rib,  by  making  it  travel 
along  the  posterior  surface  of 
the  bone.  While  doing  this, 
we  may  puncture  the  pleiira, 
but,  if  the  kidney  is  strongly 
pressed  upward,  no  great  harm 
ensues.  Next  the  suture  is 
passed  broadly  through  the  convex  border  of  the  renal  parenchyma  (care 
being  taken  however  not  to  get  into  the  pelvis  or  calices)  and,  on  the 
medial  side,  through  the  renal  fascia  and  the  edge  of  the  quadratus 
lumborum  and  sacrospinal  muscles.  All  told,  two  or  three  stitches  of  that 
kind  are  placed.  A  thick  gauze  tampon  is  then  laid  below  the  lower  pole 
and  its  free  end  brought  out  through  the  external  wound,  the  remainder 
of  which  is  repaired  by  deep  buried  catgut  sutures  and  superficial  silk 
stitches.  The  tampon  is  removed  only  at  the  end  of  two  weeks;  the 
patients  must  be  kept  in  bed  from  four  to  six  weeks. 

Of  late,  I  have  been  using  frequently  Rovsing's  method  (Fig.  643), 
which  gave  the  latter  author  a  great  number  of  remarkably  successful 
The  kidney  is  bared,  freed  from  all  existing  adhesions  and 


Pig.  642. 
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delivered  through  the  wound.  The  fibrous  capsule  is  split  along  the 
convex  border  from  one  pole  to  the  other,  and  on  each  end  of  this  longi- 
tudinal incision,  a  shorter  transversal  is  made,  the  middle  of  which  corre- 
sponds to  the  first  incision.  After  opening  the  fibrous  capsule,  a  grooved 
director  or  a  Kocker  spatula  is  slipped  between  the  fibrous  capsule  and 
the  cortex  of  the  kidney  and  these  two  structures  are  separated  most 
delicately  toward  both  sides.  The  area  of  kidney  stripped  from  its  cap- 
sule must  in  length  include  almost  the  whole  convex  border  and  in  width 
measure  about  li  inches. 
Then  a  loop  of  stout  silk 
threaded  on  two  needles  is 
passed  through  the  lower  pole 
of  the  kidney  at  the  limit  be- 
tween the  lowest  and  next 
lowest  fourths  of  the  organ, 
consequently  through  a  part 
of  the  kidney  still  lined  with 
fibrous  capsule.  The  posterior 
needle  goes  through  the  rfius- 
cles  of  the  posterior  edge  of 
the  wound  close  to  the  twelfth 
riband  the  skin;  the  anterior,  ) 
through  the  anterior  edge  in  f 
a  point  just  opposite  the  first.  [ 
I  always  pass  the  internal  su- 
ture only  through  the  renal 
fascia,  the  quadratus  lumbor- 
um  and  sacrospinalis  muscles, 
and  the  lumbodorsal  fascia 
close  to  the  twelfth  rib,  while 
the  external  suture  is  carried 
around  the  twelfth  rib  itself; 
consequently,  the  thread  is 
completely  buried.    Now  the  Fig.  643. 

left  hand  pushes  the  kidney 

upward  to  its  normal  position ;  when  the  latter  is  reached,  the  suture  is 
tied.  A  gauze  tampon  is  introduced  in  the  dead  space  remaining  below 
the  kidney  and  over  the  lower  pole  of  the  latter,  and  the  rest  of  the 
wound  is  completely  repaired.  The  small  sketches  in  Fig.  643  (below) 
are  intended  to  show  clearly  how  traction  on  the  loop  lifts  the  kidney 
upward  where  it  is  held  fast  Especially  when  general  enteroptosis  is  also 
present,  patients  must  wear  after  the  operation  a  good  abdominal  sup- 
porter. We  use  Vermehren's  abdominal  belt,  as  recommended  by  Rousing, 
/nt/tcaftoni.— Surgical  interference  in  movable  kidney  finds  its  place 
only  after  careful  and  judicious  dietetic  and  orthopedic  treatment  has 
failed. 


'Utf- 
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Surgery  of  the  Ureters 

Preliminary  Anatomical  Remarks  (after  Coming). — ^We  divide  the 
ureters  into  an  abdominal  and  a  pelvic  portion.  The  abdominal  segment 
lies  on  the  anterior  surface  of  the  fascia  covering  the  psoas  muscle  and 
is  itself  covered  by  the  parietal  peritoneum.  The  ureters  run  obliquely 
medianward  and  downward,  following  the  anterior  aspect  of  the  psoas 
muscle,  along  the  brim  of  the  true  pelvis,  and  are  crossed  in  front  by  the 
spermatic  vessels  of  the  corresponding  side.  Later  the  ureter  itself 
crosses  the  anterior  side  of  the  common  iliac  vessels  about  level  with 
their  bifurcation  into  internal  and  external  iliac  (according  to  Wal- 
deyer,  a  little  more  distally  on  the  right  side  than  on  the  left).  In  the 
male,  the  pelvic  portion  of  the  ureter  runs  on  the  lateral  wall  of  the  true 
pelvis,  medial  to  the  bundle  of  nerves  and  bloodvessels,  to  the  base  of 
the  bladder.  At  the  level  of  the  sciatic  spine  both  ureters  bend  median- 
ward  and  converge  toward  the  base  of  the  bladder.  They  pass  between 
the  upper  extremity  of  the  corresponding  seminal  vesicle,  which  lies  be- 
hind, and  the  vas  deferens  which  crosses  them  anteriorly,  then  obliquely 
perforate  the  vesical  wall  to  open  on  the  interureteric  fold.  In  the  fe- 
male, the  ureters,  hugging  the  pelvic  floor,  enter  the  connective  tissue  of 
the  base  of  the  broad  ligament  and  converge  forward  and  downward  toward 
their  vesical  ending  in  the  base  of  the  bladder.  Laterally  they  correspond 
to  the  middle  segment  of  the  uterine  cervix  and  are  about  J  inch  to  1  inch 
distant  from  the  latter:  then  they  run  along  the  lateral  wall  of  the  vagina, 
below  the  internal  orifice  of  the  cervix  so  that  vaginal  examination  de- 
tects a  catheter  introduced  into  the  ureters.  The  last  segment  of  the 
ureters  is  surrounded  by  the  veins  of  the  utero-vaginal  plexus,  a  most 
important  relation  to  remember  while  denuding  the  ureter  in  operations 
on  the  uterus. 

As  a  rule,  we  expose  the  ureter  extraperitoneally  through  Israel's 
incision,  which  follows  the  direction  of  the  fibres  of  the  external  oblique 
of  the  abdomen  and,  when  necessary,  cuts  a  notch  into  the  external  edge 
of  the  rectus  muscle.  Kocher  does  not  cut  into  the  rectus  muscle,  but 
carries  the  incision  downward  along  its  outer  edge  to  Poupart's  ligament 
If,  after  dividing  the  aponeurosis  of  the  transversus  abdominis  and  the 
transversalis  fascia,  we  lift  the  peritoneum  away  from  the  posterior 
abdominal  and  lateral  pelvic  walls,  the  ureter  which  adheres  rather 
firmly  to  the  peritoneum  is  lifted  with  the  latter  and  can  be  followed 
down  to  its  intramural  part  through  the  bladder-wall.  But,  nowadays, 
transperitoneal  exposure  of  the  ureter  is  the  most  frequently  resorted  to, 
and  principally  by  gynecologists,  because  wounding  the  ureter  can  hardly 
be  avoided  in  many  an  operation  on  the  female  internal  genitalia.  The 
ureter  is  extraordinarily  elastic  and,  especially  in  its  somewhat  flexuous 
pelvic  portion,  large  gaps,  up  to  3  to  4  inches,  can  be  bridged  over  simply 
by  freeing  the  central  and  peripheral  ends.  Transversal  reunion  of  both 
ends  of  the  ureters  is  hardly  ever  performed  now.    In  most  cases,  we 
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use  invagination  methods,  and  chiefly  that  devised  by  Wetter  van  Hook. 
The  renal  end  of  the  ureter  is  slit  for  a  length  of  about  i  inch  in  the  way 
shown  in  Fig.  644  (upper  sketch)  and  transfixed  with  a  fine  catgut  loop, 
each  end  of  which  carries  a  fine  needle.  Then  the  vesical  end  (Fig.  644, 
middle)  is  ligated  with  silk  or  catgut  and  slit  lengthwise  about  i  inch 
below  the  knot;  the  slit  ought  to  be  about  twice  as  long  as  the  ureter  is 
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Fig.  644. 

wide.  Then  both  ends  of  the  catgut  loop  fastening  the  renal  end  are 
drawn  inside  the  vesical  end,  and  passed  from  within  outward  through  the 
walls  of  said  vesical  end  (Fig.  644,  middle) ;  by  means  of  a  dissection 
forceps  introduced  within  the  duct,  the  slit  is  maintained  gaping  and  the 
renal  end  is  cautiously  pushed  into  the  other.    If  we  should  try  to  effect 
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Fig.  645. 


this  by  simply  pulling  on  the  threads,  the  ureter  would  very  easily  tear 
out.  We  then  tie  both  ends  of  the  thread  and  the  invaginated  ureteral 
end  is  fastened  in  good  position:  a  number  of  fine  silk  stitches  not 
including  the  ureteral  mucosa  (Fig.  644,  below)  make  the  union  still 
more  secure.  Reinforcing  the  line  of  suture  by  a  peritoneal  or  fascial 
flap  sutured  over  it  is  not  advisable,  as  it  leads  easily  to  the  development 
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of  a  stenosis.  In  very  narrow  ureters,  for  instance  in  dogs,  it  is  not 
always  possible  to  introduce  the  renal  end  through  the  slit  in  the  distal 
segment.  In  those  cases,  I  have  succeeded  in  establishing  the  anastomosis 
in  the  manner  represented  in  Fig,  645.  The  only  difference  from  the  pre- 
ceding method  is  that  the  vesical  end  is  not  tied;  the  other  steps  are 
absolutely  identical.  Enderlen  .attempted  experimentally,  but  always 
with  negative  results,  to  substitute  for  missing  segments  of  ureter  pieces 
of  bloodvessels  sutured  according  to  Carrel's  method.  But  perhaps  the 
application  of  Carrel's  principles  of  vascular  suture  to  transversal  end-to- 
end  reunion  of  the  divided  ureter  would  improve  its  results. 

In  case  of  division  of  the  ureter  in  the  true  pelvis,  uretero-cytto- 
neoMtomy,  an  operation  most  frequently  performed  by  gynecologists,  is 
indicated.    It  was  first  executed  by  Novaro  and 
Bazy  and  notably  simplified  by  gynecologists 
(Krfenig,  Franz). 

Median  or  paramedian  incision :  the  ureter 
is  sought  at  its  crossing  point  with  the  common 
iliac  artery,  the  peritoneum  is  incised  and  the 
ureter  bluntly  liberated  together  with  its  peri- 
ureteral connective  tissue  down  to  the  impervi- 
ous, stenosed,  fistulous  or  injured  point,  and 
cut  there.  The  vesical  end  is  ligated  and  the 
ligatures  buried  under  double  suture.  The  renal 
end  serves  for  the  implantation  into  the  bladder, 
which  Franz  makes  in  the  following  very  simple 
manner;  The  ureteral  end  to  be  implanted  is 
either  bevelled  or  (Fig.  646)  split  lengthwise  for 
i  or  i  inch.  A  catgut,  each  end  of  which  is 
threaded  on  a  needle,  is  passed  through  the  side 
of  the  ureter  opposite  the  slit,  in  the  manner 
represented  in  Fig.  646,  A,  or  in  that  represented 
in  Fig.  644;  this  thread  is  not  tied.  By  means  of  a  catheter  introduced 
through  the  urethra  the  bladder-wall  is  raised  in  a  point  where  union  with 
the  ureter  may  be  effected  with  the  least  tension;  it  is  then  incised  over 
the  tip  of  the  catheter  with  a  knife,  in  such  a  way  as  to  have  a  hole  admit- 
ting at  least  one  of  the  moat  usual  sizes  of  urethral  catheters  (Nos,  24 
to  26  Charri&re).  A  liberal  packing  in  Douglas'  cul-de-sac  catches  what- 
ever urine  leaks  out.  As  soon  as  the  bladder  is  opened,  its  mucosa  is 
drawn  out  by  means  of  two  Kocher  clamps,  so  that  it  forms  a  sort  of 
funnel  filling  the  incision.  Both  needles  attached  to  the  fixation  loop 
are  passed  through  the  orifice  and  passed  again  from  within  outward 
through  the  whole  thickness  of  the  bladder-wall,  about  J  or  8  inch  from 
the  hole  in  the  bladder.  By  cautiously  pulling  on  the  thread  and,  at  the 
same  time,  pushing  the  ureter,  the  latter's  end  is  made  to  slide  into  the 
bladder.  A  simple  knot  of  the  thread  is  then  enough  to  fasten  the  ureter 
securely  and  permanently.    The  hole  in  the  bladder  may  be  repaired 


Fig.  646. 
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more  completely  by  one  or  two  threads  which  do  not  include  the  ureter. 
Franz  prefers  as  fixation  material  cumol  catgut.  If  the  ureter  is  already 
dilated,  its  splitting  is  unnecessary.  Fixation  is  still  better  in  Krcenig^s 
method  of  uretero-cysto-neostomy,  in  which  two  threads  are  used,  each 
passed  essentially  in  the  same  way  as  in  Franz's  method  just  described, 
but  without  taking  the  whole  thickness  of  the  bladder- wall,  as  each  one  is 
passed  from  within  outward  only  through  the  vesical  mucosa;  the  ureter 
is  drawn  down  by  the  tying  of  the  threads  inside  the  bladder.  Over 
this,  the  peritoneum  and  muscular  coats  of  the  bladder  are  sutured  with 
silk  without  the  ureter  being  included  in  any  way.  The  slit  in  the 
posterior  peritoneum  can  be  sutured  over  the  ureter  by  a  few  stitches  of 
fine  silk  which  restore  the  ureter  to  its  retroperitoneal  position.  A  thin 
strip  of  iodoform  gauze  is  laid  over  the  line  of  suture,  the  rest  of  the 
wound  is  closed.  An  indwelling  catheter  is  introduced.  When  there  is 
much  tension  of  the  ureter,  Franz  employs  also  two  threads.  A  flap  of 
the  bladder  may  also  be  turned  up  and  sutured  as  a  sleeve  to  the  ureteral 
extremity  along  the  lateral  wall  of  the  pelvis.  In  a  few  cases,  particu- 
larly in  bilateral  implantations,  Franz  introduced  a  ureteral  catheter 
into  the  sutured  ureter  and  brought  it  out  through  the  urethra,  because 
sometimes  during  the  first  days,  the  edematous  swelling  of  the  mucosa 
of  the  ureter  hinders  the  excretion  of  urine.  This  precautionary  measure 
may  save  the  life  of  the  patient  in  case  of  bilateral  implantation. 

Implantation  of  the  ureter  is  not  performed,  first  when  its  renal  end 
cannot  be  drawn  at  least  about  i  inch  into  the  bladder;  secondly,  when 
the  duct  is  inflamed  or  when  the  corresponding  kidney  is  markedly 
diseased. 

The  part  of  the  ureter  running  within  the  wall  of  the  bladder  is  best 
exposed  and  split  through  the  bladder  by  suprapubic  section. 

To  reach  the  common  iliac  artery  and  also  the  ureter,  Kocher  proposed 
recently  the  following  incision :  Incision  two  inches  above,  and  parallel 
with  Poupart's  ligament,  ascending  laterally  obliquely  with  the  ligament, 
dividing  the  skin  and  superficial  fascia;  the  superficial  epigastric  artery 
is  ligated.  Division  of  the  fascia  of  the  external  oblique  of  the  abdomen 
and  splitting  of  its  muscular  fibres  in  the  lateral  part  of  the  incision 
parallel  with  their  own  direction.  Dull  splitting  of  the  internal  oblique 
and  transverse  muscles,  also  in  the  direction  of  their  fibres,  and  draw- 
ing apart  of  the  muscular  edges.  The  conjoined  aponeurosis  of  the 
internal  oblique  and  transverse  is  split  with  a  knife  and  the  sheath  of 
the  rectus  abdominis  is  opened  vertically  downward  in  its  middle;  the 
exposed  edge  of  the  rectus  is  retracted  medianward  and  the  underlying 
fascia  transversalis  and  peritoneum  detached  by  the  fingers  from  the 
aponeurosis  of  the  abdominal  muscles  down  to  Poupart's  ligament  and 
separated  in  the  internal  iliac  fossa  from  the  iliac  fascia  covering  the 
iliopsoas  muscle  till  we  see  on  the  edge  of  the  latter  the  bifurcation  of 
the  common  iliac  artery  into  external  iliac  and  hypogastric.  At  this 
point,  the  pale-reddish  ureter  coming  from  the  outer  side  crosses  over 
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the  vessel,  and  is  lifted  with  the  peritoneum,  as  are  also  the  internal 
spermatic  vessels  passing  in  front  of  the  ureter  and  in  men  descending 
to  the  internal  inguinal  ring,  in  women  (ovarian  vessels)  entering  the 
suspensory  ligament  of  the  ovary  before  the  origin  of  the  external  iliac 
artery.  Through  the  same  incision,  we  can  also  easily  expose  the  com- 
mon, external  iliac,  and  hypogastric  arteries,  and  the  ureter.  The  ex- 
ternal incision  runs  obliquely,  the  internal  only  separates  muscular  fibres 
parallel  with  their  direction  and  creates  an  angular  musculo-aponeurotic 
flap  which,  when  folded  downward  and  outward,  affords  an  excellent 
view.  The  different  layers  are  repaired  separately;  first  the  vertical 
incision  in  the  anterior  layer  of  the  sheath  of  the  rectus,  next,  the  hori- 
zontal through  the  aponeurosis  and  the  fibres  of  the  abdominal  muscles, 
then,  the  oblique  incision  through  the  external  oblique  and  its  aponeu- 
rosis, finally,  that  dividing  the  skin  and  external  fascia* 

Exposure  of  the  Suprarenal  Bodies 

The  suprarenal  bodies  lie  retroperitoneally  over  part  of  the  upper  pole 
and  anterior  surface  of  the  kidney.  They  are  bound  rather  firmly  by 
connective  tissue  to  the  fibrous  capsule  of  the  kidney.  The  right  supra- 
renal body  rests  in  the  angle  between  the  inferior  vena  cava  and  the 
upper  pole  of  the  kidney,  the  left  is  covered  anteriorly  by  part  of  the 
tail  of  the  pancreas,  and  by  the  bloodvessels  of  the  renal  pedicle.  The 
suprarenal  bodies  may  be  reached  through  the  abdomen ;  the  technique 
is  similar  to  that  of  transperitoneal  nephrectomy:  the  parietal  peritoneum 
is  incised  outside  of  the  hepatic  or  splenic  flexure  of  the  colon;  the  liver 
is  retracted  upward  and  outward,  or  according  to  the  side,  the  pancreas 
inward  and  downward  and  the  spleen  upward  and  outward,  and  the  supra- 
renal bodies  then  come  in  view.  When  proceeding  from  the  lumbar  region, 
we  must  first  thoroughly  free  the  kidney,  resect  the  twelfth  rib  to  secure 
a  better  light,  and  bluntly  deflect  the  pleural  sinus  upward. 

This  operation  has  been  executed  a  few  times  for  malignant  new- 
growths  of  the  suprarenal  bodies,  but  in  most  cases  with  exceedingly 
bad  results. 

Cysts  of  the  suprarenal  bodies,  the  connections  or  origin  of  which  are 
never  elucidated  before  operation  or  microscopical  examination,  have 
been  successfully  extirpated  a  few  times.  Hadra  has  also  made  a  bilat- 
eral extirpation  of  tuberculous  suprarenal  bodies. 

3.  Operations  on  the  Penis,  Testicles,  Prostate,  and  Seminal  Vesicles 

a.  Operations  on  the  Penis 

Strangulating  agents,  metallic  rings,  bolts,  key  rings,  etc.,  can  be 
removed  with  a  Gigli  saw.  First,  with  a  Roser  hook  or  a  Braatz  sound, 
(Fig.  264,  page  255)  we  insert  a  silk  thread  between  the  penis  and  the 
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constricting  foreign  body,  draw  by  means  of  the  thread  the  Gigli  saw, 
leave  the  sound  as  a  protection  for  the  skin,  and  saw  the  ring  slowly: 
this  is  easy  if  the  metal  is  soft,  as  is  gold  or  brass,  but  requires  a  little 
patience  if  it  is  hard  as  is  the  case  with  iron.  Once  they  have  been 
sawed,  thin  bands  can  be  bent  open,  but  thick  ones  must'  be  sawed 
tiirough  in  two  diametrically  opposite  points. 

Hypoapadiaa. — The  method  of  treatment  of  hypospadias  most  fre- 
quently used  when  the  anterior  orifice  is  situated  in  the  pendulous  por- 
tion is  Beck's  {v.  Hacker,  Bardenheuer).  This  operation  may  be  under- 
taken already  in  very  young  children;  but  the  beginner  is  advised  to  try 
his  first  hand  on  a  somewhat  older  child  (a  year  or  eighteen  months). 
Beck's  operation  consists  in  dissecting  free  the  urethra,  together  with 
its  corpus  spongiosum,  from 
the  corpora  cavernosa  of  the 
penis,  tunnelling  the  distal 
segment  of  the  penis  to  the 
tip  of  the  glans,  drawing  the 
elastic  liberated  urethra 
through  the  newly  formed 
canal  and  suturing  it  with  the 
glans.  Beck  devised  for  this 
subtle  technique  special  instru- 
ments which,  however,  are  not 
altogether  indispensable,  but 
it  goes  without  saying  that 
very  delicate  instruments  are 
required  anyway.     It  is  very 

convenient  to  tie  before  begin-  *  ■*'■  "'■ 

ning  operating  a  thin  rubber 

tube  around  the  base  of  the  penis,  so  that  when  we  shall  want  to  free  the 
urethra,  we  may  at  once  strike  with  certainty  the  right  plane  of  cleavage. 
A  glance  over  Fig.  647  shows  that  the  urethra,  together  with  its  corpus 
spongiosum  and  the  fascial  sheath  of  the  latter,  may  be  separated  from 
the  superficial  fascia  and  the  tunica  albuginea  of  the  cavernous  bodies 
without  in  the  least  injuring  important  bloodvessels  or  the  corpora  caver- 
nosa. The  operation  (see  Fig.  648,  /)  begins  with  a  longitudinal  incision 
on  the  ventral  aspect  of  the  penis  dividing  the  skin  and  superficial  fascia 
and  exposing  the  bluish  and  glittering  surface  of  the  spongy  body  of  the 
urethra.  The  visible  opening  of  the  urethra,  into  which  we  may  slip  a 
small  Nilaton  catheter,  is  incised  circularly  in  such  a  way  as  to  leave  a  cuff 
of  outer  skin  around  it.  Beck  ties  firmly  the  external  meatus  around  the 
catheter  so  as  to  be  able  to  hold  securely  the  urethra,  but  this  little  ma- 
noeuvre is  not  necessary.  The  outer  skin  and  superficial  faflcia  are  then 
a  little  dissected  laterally  (Fig.  648,  IT),  until  we  can  well  see  the  limit 
between  the  corpus  spongiosum  of  the  urethra  and  the  corpora  cavernosa 
of  the  penis,  and  the  urethra,  together  with  its  very  thin  spongy  layer,  is 
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then  detached  carefully  from  the  tunica  albuginea  as  far  toward  the  root 
of  the  penis  as  is  found  necessary  to  enable  us  to  draw  it  forward  to  the 
point  of  the  srl^ms.  The  artificial  canal  throufifh  the  glans  is  dxtg  by  some 
surgeons  with  a  slender  pointed  knife,  by  others  with  a  large  trocar;  the 
instrument'  held  in  a  sagittal  direction  transfixes  all  the  tissues  from  the 
coronal  sulcus  to  the  tip  of  the  glans.  It  is  advisable  to  make  the  future 
opening  slightly  dorsal  to  the  tip  of  the  glans  itself  to  counteract  a  ten- 
dency to  ventral  incurvation.    Now  a  slender  artery  forceps  (Fig.  648, 

IV)  introduced  through  the  new  canal,  grasps  the  cuff  of  skin  around 
the  liberated  urethra,  and  draws  it  forward  to  the  new  meatus.  To  do 
this.  Beck  uses  the  N&aton  catheter  fastened  in  the  urethra.  The  suture 
is  made  easier  by  a  grooved  director  pushed  into  the  urethra  (Fig.  648, 

V)  ;  four  fine  silk  stitches  are  passed  from  the  groove  toward  the  outer 
skin,  that  is,  from  within  outward,  and  thus  there  is  no  danger  of  inad- 


17  tC^ 


Fig.  648. 


vertently  picking  the  opposite  wail  of  the  urethra.  Finally,  the  longi- 
tudinal incision,  fascia  inclusive,  is  completely  repaired  with  fine  silk. 
Any  bleeding  is  checked  by  direct  ligation  or  mediate  ligatures  carried 
witii  a  needle  around  the  bleeding  point.  An  indwelling  catheter  is  not 
indispensable,  and,  especially  when  the  operation  is  performed  in  a  poli- 
clinic, is  more  of  an  impediment  than  of  a  help.  As  a  dressing,  we 
apply  gauze  held  in  place  with  Schleich's  peptonized  paste.  If  the  opera- 
tion is  performed  on  full-grown  subjects,  we  must  administer  bromin 
very  liberally  to  control  the  very  painful  erections  which  not  unfrequently 
rip  the  suture. 

Beck  also  proposed  a  similar  method  for  the  treatment  of  mpiapadiaa 
and  once  applied  it  with  a  good  result.  The  successive  steps  of  the  oper- 
ation are  made  very  clear  by  Fig.  649.  First,  a  large  oval  skin  incision 
is  made  and  thereby  the  skin  of  the  penile  groove  and  that  in  the  vicin- 
ity of  the  funnel-shaped  urinary  orifice  are  dissected  free.  Then  the 
funnel  of  skin  is  narrowed  by  means  of  a  purse-string  suture  and  drawn 


URINARY  AND  GENITAL  ORGANS  697 

through  the  glans  previously  tunnelled  in  the  above-described  manner. 
As  yet,  further  reports  of  other  successful  operations  of  this  type  are 
still  lacking. 


Thiersch's  very  complicated  method  for  the  cure  of  epispadias  is  found 
more  detailed  in  Koenig's  text-book  (Eighth  Edition,  Bd.  II.  page  645 
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and  following).  The  most  essential  part  of  the  operation,  viz.,  the  for- 
mation of  an  epithelium-lined  canal  is  diagrammatically  shown  in  front 
view  and  on  a  cross-section  in  Fig.  650,  which  I  give  because  those  plas- 
tic operations  giving  a  canal  lined  with  non-retractile  epithelium  may 
also  find  applications  in  other  parts  of  the  body  (see  also  page  652). 

Recently,  Schmieden  attempted  to  substitute  segments  of  ureter  for  the 
missing  urethra,  in  the  same  way  as  before  him  Nov6-Jo8serand  had  tried 
to  use  a  tube  formed  by  a  Thiersch  graft  rolled  around  a  catheter.  His 
method  has  been  applied  three  times  in  the  living  subjects;  on  two  occa- 
sions, the  ureter  was  taken  from  a  kidney  removed  at  the  same  time 
from  another  patient*  the  third  time  it  was  taken  from  the  cadaver  of  a 
child  shortly  after  death  washed  m  warm  physiological  salt  solution  and 
stripped  of  its  adventitial  tissue     Then  the  penis  of  the  hypospade 


patient  was  transfixed  with  a  trocar,  the  ureter  drawn  through  the  canal 
and  sutured  by  a  few  fine  stitches,  on  one  side  to  the  glans,  on  the  other 
to  the  skin  just  near  the  natural  ectopic  urethral  orifice.  Difficulties 
arose  when  itcame  to  connecting  the  back  end  of  the  transplanted  ureter, 
left  temporarily  open  at  first,  with  the  natural  urethra  and  as  yet  no 
permanent  cure  has  been  obtained  with  this  method.  Neither  have,  up  to 
date,  transplantations  of  segments  of  vein  (Becker  and  Stettiner)  given 
durable  results. 

Phimosis. — In  case  of  too  narrow  preputial  orifices  in  small  children, 
always  remember  that  a  pseudo-phimosis  may  be  produced  by  adhesions 
of  the  inner  layer  of  the  foreskin  with  the  epithelial  lining  of  the  glans 
penis.  These  adhesions  may  be  easily  released,  back  to  the  corona,  with 
the  blunt  end  of  a  probe,  and  then  it  will  be  very  often  found  that  the 
preputial  orifice  is  fully  wide  enough.  The  existence  of  this  epithelial 
fusion  does  not  seem  to  be  very  well  known,  or  else  I  should  not  see  every 
year  many  cases  of  phimoses  in  young  children  operated  on,  but  in  which 
the  breaking  of  adhesions  had  been  forgotten,  apply  to  the  Policlinic  for 
treatment. 
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The  description  of  the  phimosis  operation  with  formation  of  a  so-called 
Roser  flap  can  be  briefly  summarized  here,  the  reader  being  at  the  same 
time  referred  to  Figs.  651  and  652,  Introduction  of  a  grooved  director  in 
the  direction  of  the  dotted  line  on  the  dorsum  of  the  penis  between  the 
inner  surface  of  the  foreskin  and  the  glans,  longitudinal  splitting  with 
pointed  scissors,  retraction  of  the  foreskin,  destruction  of  adhesions,  if 


Fig.  651. 


any,  between  the  inner  surface  of  the  foreskin  and  the  glans,  formation 
of  Roser's  flap  (Fig.  651,  ///  and  IV)  and  suture  of  the  same  in  the  dor- 
sal angle  of  the  wound.  Careful  suture  with  fine  iodin  catgut;  the 
threads  are  first  left  long  and  between  the  two  ends  of  each  thread  (Fig. 
652)  a  strip  of  iodoform  gauze  is  laid  and  fastened  over  the  line  of  suture 
by  tying  the  threads.  No  further  dressing  is  then 
necessary. 

A  better  cosmetic  result  is  obtained  by  clipping 
oflf  on  each  side  a  right-angled  triangular  piece  of 
the  foreskin,   including    both   its  inner  and  outer 
layers.    But  the  appearance  remains  even  then  un- 
satisfactory in  most  cases  and  consequently  I  use  more  . 
frequently,  and  with  good  success,  Schloffer's  modi- 
fication of  the  latter  operation  (see  Fig.  653,  /  to 
VT).    First  (/)  incision  through  the  outer  preputial 
skin  almost  back  to  the  coronal  sulcus.    Next  splitting 
of  the  inner  preputial  layer  along  the  line  indicated 
in  /  by  dots,  as  shown  in  //.    The  resulting  defect 
(III)  is  changed  by  pulling  on  two  traction  loops  into 
a  transversal  slit  as  shown  in  IV  and  completely  sutured  (V).    After  the 
operation,  a  piece  of  gauze  is  slipped  between  the  foreskin  and  the  glans, 
the  foreskin  is  brought  again  to  its  normal  position  ( VI) ;  the  external 
wound  is  covered  with  gauze  and  Scfdeich's  peptonized  paste. 

Circumcision,  Removal  of  the  Foreskin. — In  case  of  diseased  condir 
tions  of  the  internal  layer  of  the  foreskin  or  of  the  glans,  which  cannot 
be  at  first  examined  on  account  of  the  smallness  of  the  orifice,  we  first 
make  a  dorsal  slit  as  for  the  simple  phimosis  operation.    Then  each  fiap  is 
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grasped  separately  with  an  artery  forceps,  the  foreskin  is  stretched  and 
both  layers  are  simultaneously  divided  with  curved  scissors,  along  a  more 
or  less  oblique  or  vertical  oval  line,  according  to  the  extent  of  the  lesion 
necessitating  circumcision,  Hemostasis,  suture  with  catgut,  and  treat- 
ment of  the  line  of  suture  as  said  above.  In  case  of  simply  too  long  fore- 
skin, the  latter  is  drawn  forward,  held  with  a  dissection  forceps,  and 
severed  with  straight  scissors  just  behind  the  forceps,  of  course  without 
injuring  the  glans  penis.  The  inner  layer  is  then  slightly  retracted 
backward  and  circularly  stitched  to  the  outer  skin. 


To  lengthen  too  Mhort  a  frenum,  strongly  retract  the  foreskin,  divide 
across,  on  a  level  with  the  coronal  sulcus,  the  strongly  stretched  little 
band,  by  one  stroke  of  the  scissors  reaching  down  to  the  tunica  albu- 
ginea:  by  pulling  on  its  sides,  change  the  transverse  wound  into  a  longi- 
tudinal slit,  and  suture  with  fine  catgut  threads  which  constrict  whatever 
vessels  may  bleed. 

To  reduce  a  paraphimoait,  grasp  the  penis  behind  the  corona,  or  rather 
behind  the  incarcerating  ring,  with  the  tips  of  both  index  and  middle 
fingers  and  apply  the  thumbs  on  the  sides  of  the  glans.  By  drawing  with 
the  second  and  third  fingers,  and  at  the  same  time  pushing  with  the 
thumbs,  we  often  succeed  in  slinging  back  the  ring  over  the  glans.  It  is 
best  to  follow  immediately  this  taxis  by  a  phimosis  operation.  If  the 
taxis  fails  or  if  gangrene  of  the  constricting  ring  has  already  set  in,  the 
ring  must  be  divided  with  a  knife  or  scissors  parallel  with  the  long  axis 
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of  the  penis  on  the  dorsal  side.    Reduction  then  becomes  possible  and  the 
phimosis  operation  is  performed  outright. 

Amputation  of  the  penim  is  made  for  malignant  newgrowths.  The 
more  oi  the  shaft  of  the  penis  that  can  be  spared,  the  easier  the  operation. 
Excision  by  means  of  the  galvano-caustic  snare  or  the  ^raseur,  as  car- 
ried out  in  olden  times  for  fear  of  strong  hemorrhage,  is  now  obsolete,  as 
after  its  use  a  very  marked  contraction  of  the  new  urethral  orifice  regu- 
larly develops.  In  operations  on  the  shaft  itself,  we  can  very  well  secure 
the  advantage  of  artificial  anemia  by  simply  cording  the  base  of  the  penis 
with  a  thin  rubber  tube.  We  begin  by  making  a  transverse  incision  (Fig, 
654,  T)  on  the  ventral  side,  until  the  urethra  has  been  severed,  then  fas- 
ten the  outer  skin  and  urethral  wall  in  an  artery  forceps,  and  then  cut 
the  whole  penis  by  one  single  stroke  of  a  large  scalpel  or  amputation 
knife.    The  subcutaneous  dorsal  vein,  the  dorsal  vein,  and  the  dorsal  and 


Fig.  654. 


deep  arteries  of  the  penis,  are  generally  easy  to  see,  catch  and  ligate  sep- 
arately. Then  (Fig.  654,  11)  we  place  two  or  three  catgut  stitches  taking 
in  the  tunica  albuginea  of  the  corpora  cavernosa  and  the  intercavernous 
septum,  and  approximate  these  fibrous  structures  so  firmly  over  the  bleed- 
ing parenchyma  of  the  cavernous  bodies  that  in  most  cases  the  hemor- 
rhage is  completely  controlled.  Finally,  the  ventral  side  of  the  urethral 
wall  is  split  with  knobbed  scissors  for  a  length  of  from  j  to  j  inch  (Fig. 
654,  7/7)  and  the  thus  widened  urethra  is  anchored  to  the  outer  skin  by  a 
number  of  catgut  stitches. 

For  amputations  near  the  root  of  the  penis,  Koenig  advises  to  divide 
at  first  only  one-half  of  the  penis  and  to  pass  a  stout  silk  loop  through  the 
septum  so  as  to  be  able  to  draw  forward  the  sinking  stump  to  check  the 
hemorrhage.  To  do  away,  in  amputations  close  to  the  root,  with  the  per- 
manent and  otherwise  unavoidable  wetting  of  the  scrotum  by  urine, 
JTiiersch  dissected  free  the  urethral  stump,  brought  it  out  through  a 
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special  incision  in  the  perineum,  and  stitched  it  there — in  one  word,  made 
a  perineal  urethrostomy. 

In  all  amputations  of  the  penis  undertaken  against  maligrnant  tumors, 
the  inguinal  lymphatic  glands  of  both  sides  must  be  typically  excisetL 
To  this  effect  we  trace  an  incision  about  over  the  middle  of  Poupart's 
ligament  and  add  from  the  middle  of  said  incision  another  running  down- 
ward along  the  big  bloodvessels.  The  resulting  skin  flap  is  dissected, 
the  superficial  fascia,  together  with  the  subjacent  lymph  glands  and  fatty 
tissue,  are  carefully  separated  from  the  fascia  lata,  until  they  remain  in 
connection  only  with  the  saphenous  vein  which  is  doubly  ligated  and  cut 
If  there  are  still  some  glands  above  Poupart's  ligament,  the  latter  must 
be  incised,  and  there  also  all  fatty  tissue  with  the  lymphatic  glands  en- 
closed therein  is  detached  from  the  bloodvessels  and  the  iliac  fascia.  If 
adhesions  to  the  femoral  or  iliac  artery  and  vein  are  already  present,  the 
operation  is  in  most  cases  hopeless.  A  slit  in  the  vein  can  be  repaired 
by  a  lateral  vascular  suture;  if  need  be,  the  vessels  may  be  divided  across 
And  reunited  again  by  Carrel's  method. 

b.  Operations  on  the  Testicle 

Hydrocele 

Tapping. — In  small  children,  in  whom  most  hydroceles  disappear 
iHH>ntiineously  in  the  course  of  time,  but  who  frequently  have  to  be 
tit^tiHl  all  the  same  because  of  the  parents'  desire,  we  tap  with  a  fine 
f^^tHMU  needle  and  simply  drain  away  the  hydrocele  fluid.    The  point  of 


Fig.  655. 

^mMOtui**^  i»  Hwabbed  with  tincture  of  iodin.  In  uncomplicated  hydroceles 
\»l'  rtvluU>».  wo  follow  tapping  by  injecting  a  dram  or  two  of  tincture  of 
ivnlih  n\(o  tho  cavity.  Do  not  select  too  small  a  trocar  for  tapping.  The 
\Nrt\  v»r  holding  the  instrument  is  explained  by  Figs.  655  and  656,  as  well 
iv>»  I  ho  luunnt^r  of  puncturing  to  avoid  injuring  the  testicle  which  in  most 
^  u  nvi  hivi  buck  of  the  hydrocele  sac.  We  begin  by  making  in  the  skin  a 
S\h!ihh  Imup  with  2%  novocain-suprarenin  solution,  one  tablet  B  dis- 
iiolv^nl  \\\  a  drum  of  saline  solution  (see  page  17),  next  infiltrate  in  the 
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direction  of  the  future  tapping  canal,  then  drive  the  trocar  in,  until  free 
motion  of  its  point  proves  us  that  -we  have  reached  the  cavity.  The 
serosity  is  allowed  to  run  out  completely,  a  dram  of  2%  novocain-supra- 
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renin  solution  is  injected  into  the  collapsed  cavity  and  spread  evenly 
among  all  recesses  by  gentle  massage.     This  makes  the  surrounding 
structures  so  insensitive  that  we  may  inject  a  dram  or  two  of  tincture  of 
iodin  without  provoking   pain,  which,  without  anes- 
thesia, might  be  so  intense  that  patients  would  faint. 
Always  warn  the  patients  that  during  the  first  few 
days  after  this  minor  operation,  there  will  develop  a 
marked  swelling  which  as  a  rule  will  subside  within 
another  week. 

In  recurrent  hydroceles,  or  in  hydroceles  having  much 
thickened  walls,  in  proliferating  inflammatory  condi- 
tions, and  in  hematoceles,  we  incise  the  hydrocele  sac 
and  then  perform  the  radical  operation.  For  this 
purpose  Volkmann  splits  longitudinally  the  outer  skin, 
the  dartos,  the  common  fibrous  sheath  and  the  parietal 
layer  of  the  tunica  vaginalis,  excises  part  of  the  sac- 
wall  if  the  sac  is  large,  and  sutures  (see  Fig.  657)  the 
parietal  layer  of  the  hydrocele  to  the  outer  skin  so 
that  the  closed  sac  is  changed  into  an  open  recess  com- 
municating with  the  outside  and  packed.  Patients 
must  be  kept  long  in  bed  and  ulterior  recurrences  are  not  impossible. 

The  most  radical  method  of  treatment  of  hydrocele  is  v.  Bergmann's. 
Longitudinal  incision  as  in  the  Volkmann  operation.  The  inner  avascu- 
lar layer  of  the  hydrocele  wall  is  first  lifted  in  a  point  with  a  dissection 
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forceps  and  stripped  by  means  of  a  dry  compress  from  the  other  parie- 
tal structures  up  to  the  line  of  reflexion  over  the  epididymis,  and  cut 
there.  The  external  wound  is  closed,  a  drainage-tube  is  introduced  in 
the  sac  cavity,  on  account  of  the  frequently  abundant  oozing  therein,  and 
left  in  situ,  two  or  three  days.  The  patients  are  kept  in  bed  six  or  seven 
days. 

This  post-operative  bleeding  led  to  devising  other  and  less  bloody 
procedures.  But  all  present  the  drawback  of  not  curing  the  disease  as 
radically  as  v.  Bergmann's.  Such  a  method,  very  satisfactory  in  small 
hydroceles,  is  Winkelmann's,  represented  in  Fig.  658.  The  tunica  vagi- 
nalis proper  is  indicated  by  a  heavy  black  line,  the  ends  of  the  incision 
through  the  outer  skin  by  the  letters  a  and  b,  those  of  the  incision 


through  the  tunica  vaginalis  by  c  and  d.  Splitting  of  all  external  coats 
down  to  the  hydrocele  sac,  from  a  to  6,  under  local  infiltration  anesthesia. 
Incision  of  the  tunica  vaginalis  from  cto  d,  for  a  length  of  about  1  to  1^ 
inches  and  a  little  nearer  the  upper  than  the  lower  pole  of  the  hydrocele. 
Through  the  slit  in  the  hydrocele  sac,  after  the  fluid  has  escaped,  the 
testicle  is  drawn  out  so  far  that  the  whole  tunica  vaginalis  is  turned 
inside  out  and  the  slit  comes  up  near  the  junction  of  the  spermatic  cord 
and  testicle  where  it  is  fastened  by  two  or  three  separate  catgut  stitches 
to  the  fibrous  sheath  of  the  cord,  so  that  it  cannot  return  to  its  original 
disposition.  The  testicle  is  restored  within  the  scrotum  and  the  small 
external  wound  closed,  the  line  of  suture  painted  with  iodin  and  a  small 
dressing  with  Schleich's  peptonized  paste  applied  over  it. 

Storp  and  Klapp  split  the  hydrocele  sac  on  its  anterior  aspect,  avoid- 
ing all  visible  bloodvessels,  and  plicate  it  by  means  of  a  series  of  fine  silk 
or  catgut  sutures  including  only  the  tunica  vaginalis  proper  and  laid  from 
the  edge  of  the  incision  up  to  the  spermatic  cord;  when  tightened,  these 
sutures  gather  the  serous  folds  of  the  tunica  vaginalis  together  and 
adhesions  develop  between  them.    Prior  to  this  plication,  Storp  separates 
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the  tiinica  vaginalis  from  the  common  fibrosa.  The  often  large  mass  of 
folded  serosa  is  replaced  into  the  scrotum  and  later  shrinks.  Klapp 
effectively  prevents  bleeding  by  not  separating  previously  the  different 
coats,  and  obtains  with  hi3  method  very  good  results. 

If  unsuccessful  in  curing  hydroceles  of  the  spermatic  cord  by  the 
above-described  method  of  tapping  and  injection  of  tincture  of  iodin,  the 
best  is  to  extirpate  them  whole.  If  the  hydrocele  has  not  been  previously 
tampered  with,  this  can  easily  be  done  under  local  infiltration  anesthesia. 
With  the  thumb  and  forefinger  of  the  left  hand  the  operator  strongly 
presses  the  hydrocele  wall  toward  himself,  incises  the  superficial  layers 
down  to  said  walls,  which  are  recognized  by  the  fact  that  they  contain 
no  visible  bloodvessels  whatever,  and  then  bluntly  frees  the  hydrocele 
from  the  neighboring  structures  of  the  spermatic  cord,  by  means  of  a  dry 
gauze  compress  or  of  a  Kocher  dissector.  Hydroceles  of  the  round  liga- 
ment are  dealt  with  in  similar  fashion. 

Varicocele. — Most  careful  asepsis.  The  upper  part  of  the  body  is 
lowered  so  that  its  veins  distend  with  blood.  Incision  from  the  region 
of  the  external  inguinal  ring  downward.  Isolation  of  the  separate  veins 
beginning  above  near  the  inguinal  ring;  division  and  ligation.  Thence 
the  veins  are  followed  downward,  one  after  the  other,  to  their  smaller 
affluents  and  extirpated  as  completely  as  possible,  down  to  the  epididy- 
mis. To  shorten  the  too  long  and  ''baggy"  scrotum,  the  longitudinal 
skin  incision  is  transformed .  into  a  transversal  slit  and  thus  sutured. 
Many  are  satisfied  with  simply  excising  a  large  elliptical  area  of  the 
scrotum  so  as  to  suspend  the  testicle  higher.  Always  remember  in  varico- 
celes appearing  suddenly  and  growing  fast  that  we  may  have  to  deal  with 
one  of  the  so-called  symptomatic  varicoceles  depending  on  the  presence 
of  a  renal  newgrowth. 

Castration. — The  most  frequent  indications  for  castration  are  fur- 
nished by  tuberculosis  of  the  epididymis  and  testicle.  If  the  external 
skin  is  healthy,  we  make  the  incision  to  expose  the  testicle  not  below  on 
the  scrotum,  but  higher  up  near  the  root  of  the  penis.  We  first  isolate 
the  spermatic  cord  and  dislocate  the  testicle  out  of  the  scrotum.  If,  how- 
ever, there  are  fistulous  openings  on  the  posterior  surface  of  the  scrotum, 
as  is  often  the  case  in  tuberculosis,  or  on  the  anterior,  as  frequently  in 
syphilis,  we  make  in  sound  tissue  an  incision  all  around  these,  suture  the 
skin  over  the  fistula,  touch  the  surrounding  skin  liberally  with  tincture 
of  iodin,  and  then  split  the  scrotum  in  the  direction  of  the  external 
inguinal  ring.  Next  we  isolate  the  vas  deferens  (see  Fig.  659)  from  the 
other  structures  of  the  spermatic  cord,  draw  it  out  in  a  loop  and  trans- 
versely clamp  the  spermatic  cord  with  two  strong  artery  forceps  separated 
by  an  interval  of  about  an  inch.  Then  the  cord  is  cut  (Fig.  660)  so  that 
both  stumps,  and  more  particularly  the  central  one,  protrude  for  a  certain 
length  between  the  blades  of  the  instrument.  It  then  becomes  easy  to 
isolate  and  clamp  the  bloodvessels  on  the  surface  of  the  stump  and  to 
ligate  them  with  catgut:  but,  as  an  additional  safety,  we  still  tie  close 
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behind  the  clamp  a  ligature  constricting  en  jnaese  the  whole  cord.  Koenig 
used  to  leave  the  ligature  threads  long  and  to  bring  them  through  the 
upper  angle  of  the  wound  partly  for  drainage  purposes,  partly  to  be  able 
to  draw  the  cord  out  quickly  should  there  be  any  post-operative  hemor- 
rhage. Then,  when  this  has  not  already  taken  place  before,  the  testicle 
is  bluntly  freed  from  the  scrotal  bag;  no  appreciable  hemorrhage  arises 
therefrom.     Now  the  testicle  hangs  only  by  tiie  vas  deferens.    The  latter 


Fig.  659. 

itt  (Bungner's  method)  grasped  with  a  sterile  dry  gauze  compress,  and 
tractions  are  exerted  on  it  very  slowly  and  progressively  in  the  direction 
of  the  axis  of  the  inguinal  canal  until  it  finally  breaks  (Pig.  660).  In 
this  manner,  we  can  extract  the  vas  deferens  up  to  the  seminal  vesicle, 
H  IVature  of  decided  value  in  case  of  tuberculosis  of  said  vas  deferens. 

R^tection  of  the  epididymis,  according  to  Bardenheuer'a  method,  is 
HTi  (ipcration  which  leads  but  seldom  to  a  cure  of  the  affection  (tuberculo- 
hih)  for  which  it  is  undertaken.  However  we  may  occasionally  have  to 
UMi'  il.  in  cases  of  bilateral  tuberculosis  of  the  epididymes.  An  incision 
iti  niwK'  over  the  region  of  the  thickened  epididymis  and  deepened  until 
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we  reach  the  latter.  Isolation  and  shelling  out  of  the  nodes,  care  being 
taken  to  spare  whenever  possible  the  spermatic  artery  which  runs  close 
to  the  posterior  border  of  the  testicle.  In  this  way  we  can  remove  the 
whole  epididymis  and  with  it  the  vas  deferens. 

CrvpforcAiWixm.— Testicles  retained  within  the  abdomen  are  best  left 
undisturbed:  the  frequently  coexisting  inguinal  hernia  is  treated  by  one 
of  the  previously  spoken  of  methods  (see  page  462  and  following). 


Fig.  660. 

Schttller's  Operation  for  Inguinal  Ectopia  of  the  Teific/e.— Expos- 
ure of  the  testicle  after  incision  of  the  skin  and  fascia  before  the  exter- 
nal inguinal  ring.  The  testicle  and  the  spermatic  cord  are  freed  as  high 
as  possible  after  splitting  of  the  anterior  wall  of  the  inguinal  canal. 
Riedel  asserts  that  the  organs  most  important  to  follow  up  as  high  as  we 
can  are  the  spermatic  vessels,  because  those  draw  strongest  the  testicle 
upward;  the  liberation  is  continued  until  the  vas  deferens  can  be  brought 
over  the  pubis  in  as  straight  a  direction  as  possible.  Often  during  this 
step  the  epigastric  vessels  have  to  be  cut  between  two  ligatures.     If  the 
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testicle  allows  itself  to  be  lowered  easily  to  the  most  dependent  point  of 
the  scrotum,  it  is  fastened  there  by  a  number  of  silk  stitches  which  take 
in  the  tunica  albuginea  of  the  testicle  and,  on  the  side,  both  edges  of  the 
wound.  Over  the  spermatic  cord  we  repair  with  buried  sutures,  above, 
the  abdominal  wall,  below,  the  connective  tissue  of  the  inner  part  of  the 
scrotum ;  and,  finally,  the  skin  is  closed  over  all  these  structures. 

If  there  still  is  some  tension,  the  testicle,  instead  of  remaining  in  its 
normal  position  in  the  scrotum,  invaginates  the  latter  upward  as  a  glove's 
finger,  or  breaks  loose  and  reascends  to  the  inguinal  canal.  To  prevent 
this,  Hahn  devised  the  following  technique:  Stripping  of  the  testicle  and 
spermatic  cord  as  said  above.  With  a  closed  dressing  forceps,  a  canal  is 
burrowed  ^down  to  the  most  dependent  point  of  the  scrotum,  where  an 
incision  about  i  inch  long  is  made.  This  cahal  is  widened  by  the  same 
dressing  forceps  reintroduced  from  below  upward;  the  testicle  is  grasped 
in  the  forceps  and  drawn  downward  till  it  comes  out  through  the  scrotal 
skin  incision,  to  the  edges  of  which  it  is  fastened  by  an  interrupted  suture 
to  prevent  it  from  backsliding  to  its  former  position,  so  that  it  protrudes, 
mushroomlike,  through  the  cutaneous  incision.  The  wound  in  the  ingui- 
nal region  is  repaired  exactly  as  in  the  radical  operation  for  inguinal  rup- 
ture. After  eight  or  ten  days  the  skin  encircling  the  testicle  is  dissected 
free  from  the  circumference  of  the  latter,  undermined  a  little  laterally, 
and  closed  by  a  few  stitches  over  the  testicle.  When  there  is  no  marked 
tension,  the  testicle  remains  permanently  down ;  but  if  there  be  tension, 
it  will  go  up  again  even  with  this  technique. 

To  fasten  it  still  more  securely  down,  Katzenstein  advocates  the  fol- 
lowing method :  First,  transpose  exactly  as  in  Hahn's  method.  Next  cut 
a  circular  flap  somewhat  larger  than  a  silver  dollar,  taken  from  the  inner 
aspect  of  the  thigh  on  a  level  with  the  normal  location  of  the  testicle; 
said  flap  is  pediculated  below,  the  strip  of  skin  connecting  it  with  the 
skin  of  the  thigh  being  li  inches  long  and  i  inch  wide.  The  flap  is  re- 
flected inward  and  downward  so  that  its  wound  surface  is  turned  toward 
the  scrotum;  the  lowered  testicle  is  sutured  to  this  flap,  reduced  into  the 
scrotum  and  the  flap  is  sutured  in  the  scrotal  incision.  The  bridge  of 
skin  is  severed  after  about  three  weeks. 

c.  Operations  on  the  Prostate 

Abscesses.— ProstsAic  abscesses  not  unfrequently  open  spontaneously 
into  the  urethra.  Bursting  the  abscess  wall  with  a  large-sized  catheter 
is  not  advisable.  Operatively,  abscesses  can  be  opened  through  the  peri- 
neum and  through  the  rectum.  If  the  back  wall  of  the  abscess  bulges 
prominently  toward  the  rectum,  evacuating  the  pus  through  that  cavity 
is  fairly  easy.  Lithotomy  position  with  legs  flexed  and  drawn  up,  or  lat- 
eral position.  Dilatation  of  the  sphincter  under  general  anesthesia,  inser- 
tion of  a  broad  Simon  vaginal  speculum  along  the  posterior  side  of  the 
anus,  until  we  get  a  good  view  of  the  abscess  wall.    Short  longitudinal 
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incision  through  the  anterior  wall  of  the  rectum  and  the  posterior  wall  of 
the  abscess  cavity.  Enlarging  of  the  incision  by  means  of  a  blunt  for- 
ceps, introduced  closed  and  withdrawn  with  the  blades  spread  apart,  irri- 
gation of  the  cavity  with  physiological  salt  or  boric  acid  solution.  In  case 
of  bleeding,  pack.  In  other  respects,  the  abscess  in  most  cases  may  be 
left  to  heal  without  any  after-treatment. 

The  best  way  to  open  the  abscess,  however,  is  through  the  perineum. 
If  the  abscess  bulges  outside  laterally  through  the  perineum,  we  may 
incise  in  a  sagittal  direction,  laterally  of  the  median  line,  the  skin,  fatty 
subcutaneous  tissue  and  fascia,  proceed  farther  in  the  depth  with  a  dress- 
ing forceps  under  control  of  the  left  forefinger  introduced  in  the  anus, 
and  open  and  drain  the  abscess.  If  the  abscess  bulges  neither  outside 
nor  strongly  in  the  rectum,  the  prostate  must  be  drained  through  an 
arched  incision  passing  between  the  root  of  the  scrotum  and  the  anus, 
the  patient  being  in  the  lithotomy  position.  The  incision  is  similar  to 
that  described  below  for  perineal  prostatectomy  (see  Fig.  661),  but  need 
not  be  as  long,  and  can  be  made  nearer  the  anus.  Therefore  cut  some- 
what closer  to  the  anus,  bare  the  tip  of  the  bulb  and  the  superficial  trans- 
verse perinei  muscles  (see  the  description  below) ,  and  proceed  little  by 
little  toward  the  depth,  exactly  in  the  midline,  the  left  forefinger  intro- 
duced in  the  anus  meanwhile  controlling  the  level  reached.  As  soon  as 
we  reach  the  vicinity  of  the  prostate,  we  proceed  onward  bluntly  with  a 
closed  forceps,  and  thus  open  and  drain  the  abscess. 

Hypertrophy  of  the  Prostate.— At  the  end  of  this  chapter  will  be 
found  a  few  lines  about  the  indications  of  operative  and  non-operative 
treatment  of  prostatic  hypertrophy. 

Catheterization  in  Case  of  Retention  or  of  Large  Amount  of 
Residual  Urine  in  the  Bladder. — ^Whenever  the  physician  is  not  thor- 
oughly skilled  in  the  technique  of  catheterization,  let  him  always  first  try 
to  introduce  a  soft  Nilaton  catheter  in  compliance  with  the  rules  of 
caution  given  above  on  page  637.  We  do  not  use  the  English  catheters 
with  mandrin,  and  small  calibre  metal  catheters  are  banned  in  those 
cases  because  much  more  harm  can  be  done  with  them  than  with  large- 
sized  ones.  We  use  metal  catheters,  Nos.  24,  26,  or  even  30  of  the  Charrifere 
scale.  The  larger,  the  better.  If  the  external  meatus  is  too  narrow,  the 
thin  mucous  septum  is  split  toward  the  frenum  by  one  single  stroke  of 
the  scissors  (see  page  640).  In  a  great  majority  of  cases  we  use  a  cathe- 
ter with  a  wide  curve.  The  introduction  of  the  catheter  differs  from  the 
ordinary  technique  only  in  so  far  as  usually  we  have  to  push  it  more  on- 
ward, while  strongly  depressing  the  funnel  end,  to  make  it  enter  the 
bladder,  on  account  of  the  increased  length  of  the  neck  of  the  bladder 
due  to  prostatic  hypertrophy.  Oftentimes,  pressure  exerted  by  the  left 
forefinger  introduced  into  the  rectum  on  the  tip  of  the  catheter  held  in 
the  membranous  portion  eases  considerably  the  passage  of  the  instru- 
ment.    If  catheterization  is  not  possible,  we  can  tap  the  bladder. 

Other  palliative  measures  that  have  been  recommended  are  PonceVs 
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cystostomy  and  Witzel'a  oblique  fistula,  or  still  the  suprapubic  retained 
catheter.     Poncet's  cystostomy  has  been  described  before,  and  so  has  the 


placing  of  the  permanent  catheter.  Witzet's  oblique  fistula  is  made,  after 
exposure  of  the  bladder-wall,  just  as  a  gastrostomy  (see  page  504  and 
following) . 
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BottinVs  galvano-caiistic  intravesical  operation  for  prostatic  hyper- 
trophy is  hardly  ever  resorted  to  now. 

Resection  of  the  Vas  Deferens  (Helferich). — Short  incision  under 
local  anesthesia  {ScMeich).  The  spermatic  cord  is  exposed,  delivered 
through  the  wound,  and  the  vas  deferens  isolated,  all  this  being  always 
very  easy.  A  segment  of  the  vas,  1  or  2  inches  long,  is  excised.  If  we 
want  to  have  a  semblance  of  right  to  expect  a  successful  result  from  the 
operation,  we  must  operate  on  both  sides.  But  success  is  exceedingly 
doubtful  and  the  procedure  has  fallen  into  disuse.  Neither  is  ligation  of 
the  hypogastric  arteries  (Bier)  any  longer  resorted  to  nowadays. 

For  the  radical  cure  of  prostatic  hypertrophy  by  enucleation,  two 
operating  methods  vie  with  each  other,  namely,  the  perineal  and  the 
suprapubic. 

Perineal  Prostatectomy. — Lumbar  anesthesia  in  most  cases.  Lith- 
otomy position  with  strongly  elevated  pelvis.  Introduction  of  a  catheter 
up  to  the  bladder.  Semilunar  incision  from  one  tuberosity  of  the  ischi- 
um to  the  other;  the  forward  convexity  reaches  the  lower  edge  of  the 
symphysis  (see  Fig.  661).  This  incision  divides  the  skin,  fat,  and  super- 
ficial fascia.  On  the  side,  the  ischio-cavemous  muscle  is  sometimes 
seen ;  in  the  middle,  we  see  the  bulbo-cavemous  and  superficial  transver- 
sus  perinei  muscles.  To  advance  farther  in  the  depth,  we  select  the 
interstice  between  the  latter-named  muscle  and  the  anal  sphincter  and 
transversely  divide  the  fibres  connecting  both  these  muscles.  Then  the 
bulb  and  the  superficial  transversus  perinei  are  drawn  forward  (that  is, 
upward  in  the  lithotomy  position)  by  means  of  sharp  hooks.  Going 
always  deeper,  exactly  in  the  median  line  (and,  if  necessary,  the  anterior 
rectal  wall  being  pressed  forward  by  the  finger  of  an  assistant),  we  reach 
the  deep  transversus  perinei  muscle,  which  forms  the  lowest  part  of  the 
urogenital  diaphragm  (see  page  633)  and,  beyond  said  muscle,  the  mem- 
branous part  of  the  urethra.  The  rectum  is  now  deflected  backward 
with  a  Simon  vaginal  speculum;  laterally,  blunt  Langenbeck  or  abdominal 
retractors  are  inserted  into  the  wound.  If  the  levator  ani  muscle,  which 
runs  obliquely  backward  and  inward,  is  submitted  to  much  strain  and 
therefore  opposes  a  marked  resistance,  a  notch  is  cut  into  it.  The  mem- 
branous portion  of  the  urethra  is  easily  recognized  by  the  catheter  it 
contains.  Above  and  behind  the  membranous  urethra,  we  find  the  pros- 
tate still  covered  by  the  vesico-rectal  fascia  which  is  freely  incised  trans- 
versely and  held  backward  together  with  the  rectum.  Now,  we  open  the 
membranous  urethra  over  the  catheter  after  introducing  a  grooved  staff, 
and  we  can  lower  the  prostate  together  with  the  base  of  the  bladder  by 
means  of  Young's  tractor  (Fig.  663).  This  tractor  has  two  smooth  blades 
•which  are  introduced  into  the  bladder.  One  of  the  blades  can  be  rotated 
at  will  around  the  other,  owing  to  the  hollow  handle,  and  the  respective 
position  of  the  blades  is  shown  outside  by  the  position  of  two  cross-bars. 
The  capsula  propria  of  the  prostate  is  split  parallel  with  the  urethra,  the 
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prostate  is  separated  from  its  capsule,  bluntly  or  with  Cooper  scissors, 
first  toward  the  urethra,  next  toward  the  sides.  When  part  of  the  pros- 
tate has  been  exposed,  the  gland  is  grasped  in  a  Museux  forceps  or 
Proust's  prostatic  forceps  (Fig.  664),  drawn  toward  the  operator  and 
freed,  first  on  the  left,  next  on  the  right  side.  The  upper  pole  adheres 
strongly  to  the  vesical  mucosa.  This  mucosa  is  drawn  down  and  bluntly 
pushed  back  with  the  finger.  The  middle  lobe  generally  comes  with  one 
of  the  lateral  lobes;  if  not,  it  must  be  extirpated  separately.  Only  seldom 
will  the  removal  be  completed  without  injury  to  the  urethra;  frequently. 


Fig.  663. — J  natural  size. 

the  gland  must  be  removed  in  several  pieces.  An  indwelling  catheter  is 
left  in  the  urethra,  the  wound  is  loosely  packed  with  iodoform  gauze,  and 
the  outer  wound  partially  sutured ;  the  angles  are  sutured  and  the  middle 
left  open.  The  indwelling  catheter  is  left  about  eight  or  ten  days ;  after 
it  is  removed,  a  large  metal  sound  is  passed,  at  first  every  day,  then 
every  second,  third,  fourth,  fifth  day,  later  at  longer  intervals.  In  most 
cases,  the  external  wound  closes  spontaneously. 

Of  late,  Wilms  has  begun  using  a  lateral  incision  for  perineal  proS' 
tatectomy.   Lithotomy  position.    Short  general  anesthesia,  as  the  opera- 


Fig.  664. — i  natural  size. 

tion  can  be  done  very  quickly  (in  three  or  four  minutes,  according  to 
Wilms) .  After  introduction  of  a  catheter  in  the  urethra,  an  incision  is 
made  through  the  skin  and  superficial  fascia,  about  H  or  2  inches  long, 
parallel  with  the  descending  ramus  of  the  ischium.  The  finger  aided  by 
the  handle  of  the  knife  advances  by  dull  dissection  toward  the  urogenital 
diaphragm.  If  the  prostate  is  large,  its  resistance  is  already  felt  at 
about  an  inch  depth,  and,  laterally,  we  feel  also  the  catheter  in  the 
urethra.  Wilms  breaks  bluntly  with  the  tip  of  a  dressing  forceps  through 
the  prostatic  capsule,  in  a  point  a  little  lateral  to  the  urethra;  the  pros- 
tatic capsule  here  is  formed  by  the  urogenital  diaphragm,  the  visceral 
sheet  of  the  pelvic  fascia  and  the  remnants  of  the  levator  ani.  The  dress- 
ing forceps  is  withdrawn ;  the  finger  introduced  in  the  opening  shells  out 
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first  the  left,  then  the  right  half  of  the  prostate.  To  reach  the  right 
side,  the  finger  goes  best  along  the  anterior  surface  of  the  prostatic 
capsule.  Sometimes,  it  may  be  necessary  to  use  a  forceps  to  extract  the 
prostatic  fragments  through  the  narrow  external  orifice.  The  segment 
of  urethra  surrounded  by  the  prostate  is  removed  with  the  gland.  The 
bleeding  ought  to  be  inconsiderable.  A  drainage-tube  the  size  of  the 
little  finger  is  introduced  into  the  bladder  and  a  smaller  drain  into  the 
prostatic  cavity.  The  latter  is  besides  loosely  packed  with  gauze  which 
will  be  taken  out  on  the  second  or  third  day.  The  large  bladder-drain  is 
removed  on  the  sixth  or  seventh  day,  and  a  smaller  one  left  in  the  pros- 
tatic cavity.  From  this  time  on,  catheterization  and  washing  of  the 
bladder  is  performed  every  second  day.  The  after-treatment  period  till 
complete  closure  of  the  fistula  is,  on  an  average,  three  weeks.  As  advan- 
tages of  the  method,  Wilms  praises  the  doing  away,  with  the  danger  of 
wounding  the  rectum,  the  ease  with  which  the  prostate  is  found,  the 
drainage  at  the  most  dependent  point,  the  hemorrhage  less  abundant 
than  with  the  older  methods  of  perineal  prostatectomy.  He  claims  he 
has  no  occasion  to  go  back  to  suprapubic  prostatectomy,  but  gives  the 
advice  to  those  who  want  to  rehearse  first  the  operation  on  the  cadaver, 
to  choose  only  bodies  presenting  prostatic  hypertrophy,  as  otherwise  the 
extirpation  could  not  be  successful. 

Suprapubic  Prostatectomy  (Freyer). — The  pelvis  is  steeply  elevated, 
and  the  bladder  irrigated,  then  filled  with  10  or  12  ounces  of  boric  acid  so- 
lution or  air.  A  large  calibre  Nilaton  catheter  is  introduced  and  plugged. 
The  penis  is  constricted  by  a  gauze  strip.  Exposure  of  the  bladder 
through  a  median  incision.  The  peritoneum  is  pushed  upward.  Two 
loops  of  silk  are  passed  laterally  through  the  bladder-walls.  The  bladder 
is  opened  between  said  traction  loops  from  its  fundus  to  the  symphysis. 
The  vesical  contents  are  taken  up  in  gauze  compresses,  the  inside  surface 
of  the  bladder  is  wiped  carefully,  and  gauze  strips  are  introduced  in  the 
bas-fond,  to  absorb  the  urine  trickling  from  the  ureters.  A  bent  retractor, 
somewhat  similar  to  the  abdominal  retractor  used  for  the  angles  of  lapa- 
rotomy incisions,  is  disposed  toward  the  symphysis  (see  Fig.  665  after 
Duval) .  When  we  want  to  preserve  the  urethra,  we  incise  the  mucosa 
circularly,  fasten  the  mucous  edges  with  two  Kocher  mouse-tooth  forceps 
(Fig.  666),  and  dissect  the  mucosa  with  Cooper  scissors  or  a  Kocher  spat- 
ula. While  an  assistant  with  gloved  hands  strongly  pushes  forward  the 
prostate  with  the  finger  introduced  into  the  rectum,  the  cylinder  of  ure- 
thral mucosa  is  freed  as  far  down  as  possible  by  blunt  dissection.  The  in- 
cision is  prolonged  backward  and  forward  through  the  mucosa  of  the 
bladder,  and  the  latter  is  separated  from  the  base  of  the  prostate  until 
the  whole  surface  of  the  gland  is  seen.  Then  one  of  the  lateral  lobes  is 
grasped  with  a  Proust  forceps,  drawn  forward,  and  freed  on  both  sides 
and  anteriorly  by  means  of  Cooper  scissors  or  of  a  Kocher  spatula.  Dur- 
ing this  step,  from  time  to  time,  we  ascertain,  by  passing  the  finger  all 
around  the  prostate,  whether  we  feel  the  catheter  in  the  urethra.    The 
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same  procedure  is  repeated  on  the  other  side,  and  also,  when  possible, 
on  the  narrow  anterior  commissure  which  is  divided  in  the  midline.  Fi- 
nally, the  prostate  is  completely  liberated  from  the  triangular  ligament 
down  to  the  urethra;  this  is  best  effected  with  the  tip  of  the  forefinger. 
If,  at  the  beginning  of  the  operation,  the  urethra  was  sufficiently  bared. 


the  prostate  can  now  be  extracted  in  toto.  The  hemorrhage  is  controlled 
by  packing  and  irrigation  with  ice-water,  or  very  hot  water.  The  urethral 
wound  and  the  vesical  mucosa  are  sutured  by  a  few  fine  catgut  stitehea 
(Fig.  668).  An  indwelling  catheter  is  introduced  up  to  the  bladder.  The 
bladder  incision  is  repaired  by  two  superposed  rows  of  sutures.  A  small 
drain  is  left  in  Retzius'  space  and  the  external  wound  is  closed. 
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This  ideal  prostatectomy  cannot  be  carried  out  very  often.  First,  the 
urethra  in  most  cases  cannot  be  well  dissected  free,  and  the  prostatic 
part  has  to  be  removed  with  the  gland;  no  great  harm  results,  thanks  to 
the  extraordinary  regenerative  power  of  the  urethral  and  vesical  mucosae. 
If  a  catheter  has  been  put  into  the  urethra,  and  if  the  prostate  is  well 
pushed  forward  through  the  anterior  wall  of  the  rectum,  the  forefinger, 


Fig.  666. 


while  freeing  the  prostate,  distinctly  feels  the  urethral  wall  and  can  often 
separate  the  latter  from  the  gland  fairly  high  above  the  triangular  liga- 
ment toward  the  bladder. 

The  mucosa  always  ought  to  be  cut  neatly  with  a  knife,  because  the 
technique  employed  by  Freyer,  namely,  tearing  with  the  finger-nails 
after  making  a  very  small  incision  in  the  vesical  wall,  could  not  be  applied 
by  most  surgeons  on  account  of  their  nails  being  always  clipped  short. 
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It  is  also  advisable  to  make  the  incision  in  the  bladder  long  enough  to 
enable  cutting  the  mucosa  under  control  of  the  eye,  eventually  with  the 
help  of  artificial  illumination. 

In  case  of  uncontrollable  hemorrhage,  introduce  an  indwelling  catheter 
and  pack  the  prostatic  cavity  and  the  bladder,  which  is  then  left  open. 
However,  in  most  cases,  the  bleeding  can  be  stopped  and  no  contraindica- 


tion to  suture  of  the  bladder  arises  therefrom.  But  in  severe  suppurative 
cystitis,  suture  of  the  bladder  is  contraindicated.  The  external  wound 
is  then  left  open  and  a  catheter  is  passed  in  the  urethra,  to  be  retained 
until  the  bladder  has  entirely  closed.  In  case  of  primary  suture  of  the 
bladder,  the  catheter  is  removed  after  eight  or  ten  days.  Subsequently, 
regular  catheterization  and  bladder  irrigations,  as  in  Wilms'  operation, 
are  given. 
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It  is  highly  advisable  to  allow  patients  to  get  out  of  bed  as  soon  as 
possible. 

Indicatioru.~ln  the  early  stage  of  hypertrophy  of  the  prostate,  the 
period  of  development,  general  hygienic  and  dietetic  measures  are  ordi- 
narily sufficient  (avoidance  of  drinking  and  sexual  excesses,  well  regu- 
lated mode  of  life  as  regards  food  and  drink,  avoidance  of  constipation. 


of  chilling  of  the  lower  part  of  the  body,  and  of  all  violent  movements 
jarring  the  body). 

In  the  second  and  third  stages,  those  of  vesical  insufficiency  and  of 
resulting  retention  of  urine,  aseptic  catheterism  must  first  be  performed 
as  often  as  necessary.  We  seldom  use  the  indwelling  catheter.  In  very 
enfeebled  individuals  afflicted  with  arteriosclerosis,  myocarditis,  severe 
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bronchitis  and  emphysema,  poor  renal  function,  and  a  totally  paralyzed 
bladder,  we  make  a  suprapubic  fistula.  If  catheterism  fails  us,  if  the 
condition  of  the  patient  does  not  improve  to  the  point  where  he  can  actively 
empty  his  bladder  without  retaining  more  than  a  small  amount  of  resid- 
ual urine;  if  catheterization  is  always  difficult  and  painful;  or  if  an 
obstinate  cystitis  is  present,  or  stones,  and,  finally,  if  there  is  the  least 
suspicion  of  malignancy  (malignant  tumors  involve  generally  the  central 
part  of  the  prostate),  and  provided  the  subject  possesses  a  sufficient  power 
of  resistance,  prostatectomy  must  be  performed;  by  the  perineal  route  if 
the  gland  projects  considerably  in  the  rectum;  by  the  suprapubic,  when 
the  median  lobe  is  very  much  hypertrophied, 

d.  Removal  of  the  Seminal  Vesicles 

If,  as  in  perineal  prostatectomy,  we  follow  the  posterior  surface  of  the 
bladder  up  to  the  base  of  the  organ,  and  then  go  still  a  little  farther  up, 
we  reach  (see  Fig.  662)  the  seminal  vesicles  in  the  angle  between  the 
posterior  margin  of  the  prostate  and  the  vasa  deferentia  converging  to- 
ward the  midline.  The  seminal  vesicles  can  be  freed  by  blunt  dissection 
when  the  rectum  is  progressively  detached  upward  and  laterally  from  the 
bladder.  The  surgeon  keeps  then  before  the  vesico-rectal  fascia.  The 
rectum  must  be  strongly  held  downward  by  means  of  a  Simon  vaginal 
speculum,  a  notch  is  cut  into  the  levatores  ani  muscles  which  are  re- 
tracted laterally.  The  prostate  can  be  fastened  with  a  volsellum  forceps 
and  drawn  forward.  The  ureters  may  be  wounded  during  the  freeing  of 
the  fundus  of  the  vesicle,  as  here  they  lie  for  a  short  distance  between 
the  seminal  vesicles  and  the  bladder.  Remember  also  that  the  highest 
part  of  the  seminal  vesicles  is  covered  with  peritoneum.  This  perineal 
route  of  access  to  the  seminal  vesicles  is  undoubtedly  more  rational  than 
the  suprapubic. 
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Abdomen,  surfirery»  433 

wounds,  485 
Abdominal    cavity,    drain- 
age,  490 
exploration,  489 
opening:.     See  Laparot- 
omy 
tapping:,  576 
toilette,  490 
wall  ing-off, from  the  op- 
erative field,  487 
Abdominal  walls,  anatomy, 
433 
incisions.    See  Laparot- 
omy 
lateral     post-operative 

hemise,  459 
natural  direction  of  in- 
cisions, 434 
retractors,  488 
surgrery,  433 
suture.      See  Laparot- 
omy 
Abscesses,  appendicitis,  573 
brain,  245 
breast,  374 
liver,  613 
lungs,  419 
neck,  343 
perinephretic,  676 
popliteal  space,  130 
prostate,  708 
retrouterine,  573 
subphrenic,  430,  575 
tonsillar,  333 
Achilles'    tendon.     See 

Tenotomy 
Actinomycosis,    intestines, 
547,  560 
lunsrs,  424 
Adelmann*8  operation,  146 
Adenoids,  335 
Adrenalin,  17 
Afirrafes  (clips)  for  suture 

of  the  skin,  59 
Air,  infection,  1 

aspiration  in  the  veins, 
346 
Alcohol.     See  Disinfection 
Aleocander  -  Adams*  opera- 
tion. 473 
Alypin,  16 

Amputations  (in  general), 
advantages,  142 
definition,  137 
disadvantages,  142 
drainage,  140 


Amputations,  dressing,  141 

generalities,  137 

incisions,  138 

instruments,  138 

neuromata,  140 

osteoplastic,  141 

position  after,  141 

suture,  140 
Amputations    (in    particu- 
lar), arm,  152 

breast,  375 

femur,  through  the 
condyles,  175 

fingers,  142 

foot  (osteoplastic),  af- 
ter Firogoff,  166 

foot  (osteoplastic) , 
modifications,  168 

foot  (through  the  meta- 
tarsus), 159 

forearm,  148 

leg,  169 

leg  (osteoplastic),  af- 
ter Abrashanow,  178 ; 
after  Bier,  171 ;  after 
E^elitzin,  111;  after 
Oritti,  175 ;  after 
Ssabanejew,  176 

lower  extremities  (gen- 
eralities), 156 

lung,  422 

pelvis,  184 

penis,  701 

rectum,  579 

through  the  shaft,  178 
Anesthesia,  local,  14 

anemia  as  adjuvant,  17 

Bier's  intravenous 
method,  21 

conduction,  19 

freezing,  14 

infiltration  (Schleich), 
18 

substances    producing, 
16 
Anesthesia,  lumbar,  24 

anatomy,  24 

indications  and  contra- 
indications, 27 

instruments,  25 

position  of  patient  and 
preparation,  26 
Anesthesia,  general.     See 
also  Chloroform, 
Ether,  Scopolamin 

accidents  and  disturb- 
ances, 37 
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Anesthesia,  general,  death,. 
47 
instruments,  29 
paralyses,  34 
position  of  patient,  33 
preparation  of  patient^ 

32 
special  apparatus,  45 
Anesthesin,  16 
Aneurysms  of  the  hepatic 

artery,  627 
Angiotribe,  Doyen's,  554 
Ankle-joint,       osteoplastic 
resection  ( WUtdimir^ 
ow-Mikulicz) ,  203 
resection,  199 
tapping,  234 
Antisepsis,  1 
Antrum  Highmori,  opening 

of,  295 
Anuria,    operative     treat- 
ment of,  674 
Anus.     See  also  Artificial 
anus,     Fissura    ani. 
Fistula  in  ano.  Hem- 
orrhoids, Rectum 
atresia,  59iB 
operations,  577 
prolapse,  601 
resection  of  the  skin, 

605 
strictures,  600 
wiring  (Thiersch),  605 
Aorta,   ligation  of  abdom- 
inal, 100 
Appendicitis,    abscesses, 
573 
operations,  566 
peritonitis,  571 
Appendix,    removal    of» 

567 
Arm,  amputation,  152 
exarticulation,  152 
Arterio-mesenteric     occlu- 
sion of  the  duodenum, 
44,  449 
Artery.    See  Ligation,  for 
ligations   in  particu- 
lar 
anatomy,  common  caro- 
tid, 101 
colic,  590 
common  iliac,  120 
embolism    of    pulmon- 
ary, 400 
femoral,  124 
frontal,  243 
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Artery,  hepatic,  627 
intercostal,  112,  381 
inferior   hemorrhoidal, 

578 
middle     hemorrhoidal, 

578 
middle  meninsreal,  244 
occipital,  243 
popliteal,  128 
posterior  auricular,  243 
satellite  of  the  sciatic 

nerve,  227 
sisrmoid,  590 
subclavian,  108 
superficial       temporal, 

243 
superior  hemorrhoidal, 

578 
supraorbital,  243 
Arthrodesis  of  the  elbow- 
joint,  218 
Artificial  anus,  closure,  563 

establishment,  542 
Artificial  respiration,  Hoiv- 
ard*8  method,  40 
Koenig*8  method,  40 
Schuller*8  method.  40 
Sylvester^s  method,  40 
Asepsis,  generalities,  1 
in    operations    on    the 

abdomen,  439 
in    operations    on    the 
skull,  256 
Astragalus,  extirpation  in 

club-foot,  240 
Atresia.    See  Anus 
Autoplastics,  in  bone  cavi- 
ties, 80 
in  spina  ventosa,  219 
on  the  skin,  63 
on  the  skull,  255 
Auto-transfusion,  448 

Basedow's  goitre,  363 
Bead  compreos,  487 
Beck,    breast    amputation, 
380 
hypospadias,  695 
Belloc's  sound.  290 
V,    Bergmann,   "Grip,**   in 
general     anesthesia, 
39 
drainage  after  extirpa- 
tion  of   the   tongue, 
331 
lock  artery  forceps,  92 
total  laryngectomy,  358 
Bier,  frame  saw,  78 

lumbar  anesthesia,  25 
osteoplastic      amputa- 
tion of  the  leg,  171 
plicature  in  rectal  pro- 
lapse, 603 
umbilical  hemiae,  455 
venous  anesthesia,  21 
Bile-ducts.      See    Choledo- 
chus.  Cystic    duct, 
Hepatic    duct.    Gall- 
bladder, Gallstones 


Bladder    (urinary),   cathe- 
terism,  634 
exstrophy,  665 
fistula      (suprapubic), 

648 
foreign  bodies,  656 
implantation  of  ure- 
ters, 692 
injuries,  686 
perineal  drainage,  646 
perineal  incision,  646 
stones,  656,  668 
suprapubic      drainage, 

665 
suprapubic  incision,  654 
suture,  657 
tapping,  648 
tuberculosis,  Rovsing's 

method,  677 
tumors,  656 
Bloodvessels,  clamps,  92 
ecrasement,  100 
forceps,  92.  93,  96 
injuries,  96 
ligation,  90 
mediate  ligation.  100 
surgery  (general),  86; 

(special),  100 
suture,  96 
torsion,  100 
Bones,  division  and   re- 
union, 73 
Ferguson's    bone     for- 
ceps, 79 
Langenbeck's  bone  for- 
ceps. 79 
Libton  *s     bone-cutting 

forceps,  77 
Luer's    bone    rongeur, 

77 
Mosetig's    filling    for 

cavities,  80 
nailing,  83 

plastic  closure  of  cavi- 
ties, 80 
plugs  (Krause),  262 
saws,  78 
suture,  82 
Bougies  for    the    urethra, 

filiform,  650 
Brain,  abscesses.  245 
mensuration,  244 
tapping,  248 
Brauer,  cardiolysis,  395 
pneumatic       chamber, 
412 
Braun,  apparatus  for  gen- 
eral anesthesia,  45 
complementary  entero- 
anastomosis,  521 
Breast,  abscesses,  374 
amputation.  375 
anatomy;.  374 
benign  tumors.  375 
malignant  tumors,  375 
Bronchial  fistula?.  423 
Bronchiectasis.  423 
Bronchotomy,       posterior, 
after  Gluck,  426 


Cachexia  strumipriva,  364 
Camphor-oil,  341 
Cannula,  Bier's,  for  lum- 
bar anesthesia,  25 
for  the  trachea,  350 
Hahn*s  pressed  sponge, 

291 
Trendelenburg's     tam- 
pon cannula,  291 
for    intravenous    infu- 
sions, 43 
Carbolic  acid  spray,  2 
Carbonic  gas  snow  for  local 

anesthesia,  14 
Cardiolysis  (Brauer),  395 
Carrel's  method  of  vascular 

suture,  97 
Castration,  705 
Catgut,  comparison  with 
silk,  10 
sterilization,  12 
Catheterism,    cystic    duct, 
622 
ureters,  686,  693 
urethra,  634 
Catheters,  gum  elastic,  635 
indwelling,  642 
metal,  635 
rubber.  635 
self -retaining,  643 
Cauterization,    bladder  tu- 
mors (base),  657 
hemorrhoids,  595 
rectal  prolapse,  601 
Cecostomy,  539 
Cecum.     See  Ileocecal 
Central  convolutions,  245 
Central  fissure.  See  Rolando 
Cerebellum,    exposure   of, 

266 
Cheek,    plastic   operations 

on,  320 
Chirosoter,  7 
Chisels,  bursting,  73 
cutting,  73 
Doyen's  guard,  261 
Passow's  blunt,  262 
Chloroform,        advantages 
and  disadvantages  of, 
28 
delayed  death  after,  44 
indications  and  contra- 
indications, 29 
Junker's  apparatus,  45 
narcosis,  37 
Cholecystectomy,  620 
Cholecysto  -  duodenostomy, 

624 
C  h  o  1  e  c  y  s  t  o-en  terostomy , 

626 
Cholecystostomy,  620 
Choledochotomy,     retrodu- 
odenal,  624 
transduodenal,  623 
Choledochus,  anatomy,  609 

drainage,  625 
Cholelithiasis,  616.  See  also 

Gallstones 
Cholemic  hemorrhages,  617 
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Chopart'8  medio- tarsal  ex- 
articulation  of  the 
foot.  164 
Circular  incisions  (Petit)  in 
amputations,    arm, 
152 
forearm,  148 
thisrh,  180 
Circulus  vitiosus,  519 
Circumcision,  699 
Cirrhosis  of  the  liver,  Tal- 

ma*8  operation,  615 
Clamp,  artery,  92 

curved,    for  the   renal 

pedicle,  673 
Doyen's    elastic    blade 
for   srastro-intestinal 
surgery,  491 
Gra8er*8  and  Kocher's, 
for  crushins:  the  bow- 
el, 526.  529.  559 
Hopfner's,    for    blood- 
vessel surgery,  96 
Kocher's,  for  goitre  op- 
erations, 367 
Mikulicz,      peritoneal, 
441 
Clamp  and  cautery  method, 
for  the  treatment  of 
hemorrhoids,  595 
Clasps  for  bone  suture.  83 
Cleft  palate,    operations 
for,  309 
Brophy's  method,  312 
Langenbeck*  8     method, 
309 
Club-foot,   artificial,    after 
Wl  adimiro  w-Miku- 
licz*  resection  of  foot, 
203 
cuneiform     osteotomy, 

241 
extirpation  of   the  as- 
tragalus, 240 
Oa8ton*8  operations,  239 
Phelps's  operation,  240 
tenotomy  of  the  Achil- 
les tendon,  67,  234 
Cocain,  15 

substitutes,  16 
Cold,    local    anesthesia  by 

means  of,  14 
Colic  arteries,  590 
Colon.     See  also  Intestines 
and  Large  Intestine 
resection,  561 
Colopexy,  606 
Colostomy.     See  Artificial 

anus 
Conjunctival  reflex.  35 
Contact  infection.  2 
Corneal  reflex,  35 
Costotome.  384 
Coxa  vara,  subtrochanteric 

osteotomy  in,  222 
Cranioencephalometer, 

Kohler's,  258 
Craniometer,  Kocher'a,  246 
Krdnlein*8,  244 


Cricotracheotomy,  354 
Cryptorchidism,  707 
Cumol  catgut,  12 
Cuneiform  osteotomy,   for 
clubfoot,  241 

for  hallux  valgus,  242 
Cystic  duct,  anatomy,  609 

catheterism,  622 

straightening,  621 
Cystostomy  (Poncet),  667 
Cystotomy,  suprapubic,  654 
Cysts,  floor  of  the  mouth, 
332.    See  also  Echino- 
coccus 

liver,  614 

pancreas,  630 

Dahlgren's  skull   rongeur, 

254 
Decapsulation  of   the   kid- 
ney. 675 
Decompression  trephining. 

264 
Decortication  of  the  lung, 

410 
Defects,  plastic  closure  of : 
skin,  63 
skull,  275 
Delorme,    decortication    of 
the  lung.  410 
plicature     method     i  n 
prolapse  of  the  rec- 
tum, 603 
Depressed  fractures  of  the 

skull,  253 
De8champ*8  needle,  92 
Diaphragm,  exposure,  430 
hemise,  484 
injuries,  485 
Didot's  operation  for  syn- 

dactylia,  220 
Dieffenbach,      syndactylia, 
220 
closure      of     artificial 
anus,  563 
Differential  pressure,  411 
Digalen,  33 

Digital  compression  of  ar- 
teries, 88 
Dilatation,  anal  sphincter, 
595 
urethral  strictures,  649 
Disinfection  of  the  hands,  3 
alcohol,  6 
alcoholic  soap  tincture, 

5 
Filrbringer's  method,  3 
iodin,  5 
iodin-benzin,  5 
Disinfection   of    i  n  s  t  r  u  - 
ments,  9 
of  knives,  9 
Disinfection  .of  the  skin  of 

patients.  8 
Disinfection  of  suture  and 
dressing  material,  10 
Drainage,  in  amputations 
and  exarticulations, 
140 


Drainage,    in    retrouterine 
abscesses,  574 
of  the  choledochus,  625 
of   the   shoulder-joint, 
196 
Dressing  forceps,  53 
Ducts.     See  also  Choledo- 
chus, Cystic.  Hepatic 
Steno's,  321 
thoracic,  346 
Wirsung's,  628 
Dumreicher*s  incision,  154 
Duodenum.  See  oZ^o  Gastro- 
enterostomy, Gastro- 
duodenostomy,     Cho- 
lecysto-duodenostomy 
anatomy,  496,  513 
mobilization,  624 
Z>Mjt)?/2//re?i,  contraction,  219 

enterotome,  565 
Dura  mater,  Krause's  in- 
cision in  decompres- 
sion trephining,  265 


Echinococcus,  liver,  614 
lungs,  424 

peritoneal  cavity,  614 
Ecrasement    of    bloodves- 
sels, 100 
Ectopia  of  the  testicle,  707 
Elbow-joint,      arthrodesis, 
218 
exarticulation,  158 
resection,  189 
tapping,  217 
Elevators,  periosteal,  73 
Embolism  of  the  pulmonary 

artery,  400 
Emphysema,  Freund's  op- 
eration for  pulmona- 
ry, 389 
Empyema,   Antrum   High- 
mori,  295 
frontal  sinus,  296 
mastoid  process,  273 
pleura,  404,  408 
Entero-anastomosis,     1  a  t  - 
era],  on  the  small  in- 
testine, 566 
on  the  large  intestine, 

561 
complementary,  520 
Enterostomy,  539.    See  also 
Cecostomy,    Colosto- 
my 
Enterotome,  565 
Enterotomy,  539 
Enucleation,  goitre,  368 
cysts  of  tiie  floor  of  the 

mouth,  332 
of  the  liver,  614 
of  the  mesentery,  614 
of  the  pancreas,  630 
prostate.     See    Prosta- 
tectomy 
Enucleation-resection      o  f 

goitres,  368 
Epididymectomy,  706 
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Epiphyseal  lines,  lower  ex- 
tremity, 199 
upper  extremity,  186 
Epispadias,  696 
Esmarch,  artificial  anemia, 
88 
bandafire  and  tube,  88 
Ether,  advantagres  and  dis- 
advantafires,  28 
after-effects,  44 
indications  and  contra- 
indications, 29 
instruments,  29 
narcosis,  34 
Eucain,  16 

Exarticulations  in  grenerai, 
advantafires  and  dis- 
advantasres,  142 
definition,  137 
drainasre,  142 
dressinsT*  141 
sreneraiities,  137 
instruments  needed,  138 
Exarticulations  in  particu- 
lar, arm,  152 
finsrers,  144 
foot  (B(ma),  165 
foot  iChofart),  164 
foot  ilAsfranc),  162 
foot  (Syme),  168 
foot  (under  the  astras:- 

alus),  166 
forearm,  151 
hand.  147 
inter-  ilio-abdominal, 

184 
interscapulo  t  h  o  r  a  c  i  c , 

155 
leg,  173 

lefiT  (osteoplastic),  175 
thifirh,  181 
thumb,  146 
toes,  158,  159 
Exclusion,  intestinal,  544 
Exothyropexy,  368 
Exstrophy  of  the  bladder, 

665 
Extirpation,  definition,  137 
E]xtremities,    surgery  of, 
137 

Fascial,  spaces  of  the  neck, 
343 
suture,  70 

Femur,  amputation  throusrh 
the  condyles,  175 
through  the  shaft,  178 
exposure  of  shaft,  224 

Fibula,  exposure,  234 

Fingers,  amputations,  142 
exarticulations.  144 
local  anesthesia,  143 
resection.  185 

Fissura  in  ano,  597 

Fistula,  anal,  596 
bronchial.  423 
intestinal.  539.  563 
salivary,  321 
thoracic  duct,  347 


Fistula,  ureteral,  690 

urethral,  652 
Flatfoot,    Ogston's    opera- 
tion, 241 
paralytic,  236 
tenotomy  of  the  Achil- 
les tendon,  67,  234 
Foot.    See    also    Amputa- 
tions and  Exarticula- 
tions 
amputation  through  the 

metatarsus,  159 
anatomy,  160 
Forceps,  artery,  92 

bone  (Ferguson's),  79 
bone  (Langenbeck^s),  79 
bone-cutting(I/i8f<m'8) , 

77 
dissection,  50 
dressing,  53 
hemorrhoid,  595 
lung  (Payer's),  414 
nerve,  271 

skull   (Dahlgren's  ron- 
geur), 254 
surgical.  50 
suture,  50 
Foreign  bodies,  lungs,  425 
oesophagus,  341 
uretiira,  643 
Foreskin,  adhesions,  698 
removal,  699.     See  also 
Phimosis,    Circumci- 
sion 
Fossa  Sylvii,  244 
Fraises,  Doyen's  spherical, 
for    brain    surgery, 
251,  252 
Frenum,  division  of, 
preputium,  700 
tongue,  328 
Filrbringer's  method  of  dis- 
infection, 3 

Gall-bladder.    See  also  Cho- 
lelithiasis.   Choiecys- 
totomy.  etc. 
carcinoma.  627 
Gallstone  ileus.  627 
Gallstones.    See  Cholelithi- 
asis 
Gasserian  ganglion,  expos- 
ure of,  Krause's  tech- 
nique, 269 
Lexer's  technique.    271 
Gastro-duodenostomy.  after 
resection  of  the  py- 
lorus. 530 
lateral,  522 
Gastro-enterostomy.     after 
resection  of  the  pylo- 
rus. 530 
anterior  antecolic.  510 
anterior  retrocolic.  509 
posterior  antecolic.  509 
posterior  retrocolic.  513 
untoward  results.  518 
vertical    inferior    (Ko^ 
cher),  517 


Gastro-enterostomy,  vicious 
circle,  519 
with  the  aid  of  a  Mur- 
phy button,  518 
Y  method  (Roux),  521 

Gastropexy,  499 

Gastrophore,  515 

Gastrostomy,  503 

Lennander's     method, 

507 
Witzel's  oblique  meth- 
od, 504 

Gastrotomy,  502 

Gaudanin,  8 

Genu  valgum,  225 

Gigli's  saw,  79 

Gloves,  operating,  6 

Goitre,  operations,  362 
spatula      (Kocher*  s 
grooved     dissector), 
55,  92 

Grafts.  See  Skin  and  Ten- 
don Transplantations 

Gritti's  osteoplastic  ampu- 
tation of  the  femur, 
175 

Hackenbrueh's  rhomb,  21 
Hallux  valgus,  242 
Hand,  care,  3 
disinfection,  3 
exarticulation,  146 
Harelip,     operations     for, 

304 
Heart    See  also  Cardioly- 
sis  and  Pericardium 
injuries,  395 
stoppage  in  general  an- 
esthesia. 41 
surgery.  7SQ0 
suture,  400 
tamponade,  395 
Hedrocele,  607 
Heidenhain's       backstitch 

suture,  257 
Heister's  mouth-gag,  31 
Hemophilia,  100 
Hemorrhoids,     anesthesia, 
594 
clamp   and    cautery 

method,  595 
excision,  597 
injections,  596 
Hepatico  -  cholangio  -  ente- 
rostomy, 626 
Hepatico-duodenostomy, 

626 
Hemiae,  diaphragmatic,  484 
femoral,  475 
inguinal,  congen.,  462 
inguinal,  external,  460 
inguinal,  internal,  473 
inguinal,  in  women,  473 
ischiatic.  485 
lumbar.  484 
obturator.  483 
of  the  abdominal  wall, 

459 
of  the  linea  alba,  458 
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Hemise,    of  the  umbilical 
cord,  459 
strangulated,  479 
umbilical,  452 
Hemiotome,  480 
Hifirhmore's  antrum,  open- 
ing of,    through   the 
nasal  cavity,  295 
through  the  canine  fos- 
sa, 296 
Hip-joint,     exarticulation, 
181 
resection,  209 
tapping,  222 
Homorenon,  17 
Hookfoot,  paralytic,  236 
Hdpfner'8  vascular  clamps, 

96 
Horizontal  lines   in   crani- 
ometry, 245 
Humerus,  exposure  of  the 

shaft,  215 
Hydrocele,    radical    opera- 
tion     ( Volkmann*8) , 
703 
eversion,  704 
tapping,  702 
Hydrocele  of  the  spermatic 

cord,  705 
Hypertrophy  of   the  pros- 
tate,   treatment   of, 
709 
indications,  717 
palliative      treatment, 

709 
prostatectomy.  711 
resection    of    the    vas 
deferens,  711 
Hypophysis,    methods    o  f 

approach,  273 
Hypospadias,  Beckys  opera- 
tion, 695 
transplantations,  698 

Ileocecal  resection,  557 
Ileus,  arteriomesenteric,  44 
gallstone,  627 
post-operative,  451 
Indwelling  catheters,  642 
Infiltration  anesthesia, 
Schleich'8, 18 
disadvantages,  19 
in  thick  tissues,  18 
Infusion   of  salt    solution, 
intravenous,  43 
subcutaneous,  42 
Inguinal.     See  Hemise 
Instruments,     sterilization 

of.  9 
Interscapulothoracic  ampu- 
tation. 155 
Intestinal  exclusion.  544 
Intestinal  resection.  546 
Intestinal  suture.     See  Su- 
ture 
Intrathoracic  goitres.  368 
Intubation   of  the   larynx. 
347 
Kuhn  's  peroral,  292 


lodin  catgut,  12 

lodin,  iodin-benzin  disin- 
fection, 5 

Iodoform  wax  filling  for 
bone  cavities,  80 

Jaw  (lower),  median  split- 
ting, 331 
prosthesis,  329 
resection  in  the  contin- 
uity, 323 
resection    of   the  con- 
dyle, 322 
temporary      resection, 

329 
(upper).    See  Maxilla 
Jaw-holder,  Gut^ch'a,  31 
Jejunostomy,  537 
Johert*8  fossa,  128 
Juillard*8  mask,  30 
Junker '  8  apparatus  for 
chloroform      a  n  e  s  - 
thesia,  45 

Kelene.  14 

Kidney.  See  aUo  Nephrec- 
tomy. Nephrolithia- 
sis, Nephrotomy,  Pel- 
vis 

anatomy,  667 

decapsulation.  675 

direction  of    incisions, 
669 

essential  hemorrhages, 
675 

extirpation.     See   Ne- 
phrectomy 

floating   and  movable. 
See  Nephropexy 

injuries.  673 

operations,  667 

retention  tumors,  681 

splitting.   See  Nephrot- 
omy 

stones.    See    Nephro- 
lithiasis 

suppurations,  676 

suture,  674 

tuberculosis.  677 

tumors.  681 
Killian's  operations,  297 
Kneecap,  habitual  disloca- 
tion. 233 

suture.  230 

wiring.  232 
Knee-joint,  exarticulation, 
173 

resection.  205 

tapping.  227 
Knives,  manner  of  holding, 
49 

sterilization,  10 
Koenig-MUUer* 8  plastic 
closure  of  skull  de- 
fects. 275 
Kra8ke*8  method  of  ampu- 
tation of  the  rectum, 
583 


Krau8e*8  skin  transplanta- 
tions, 62 

Kuhn* 8  peroral  intubation, 
292 

Laminectomy,  276 
Langenbeck'8    instruments 

for  cleft  palate,  310 
Laparotomy   incisions, 
along  the  outer  border 
of  the  rectus,  445 

lateral,  with  dull  split- 

'  ting  of  the  muscles, 
446 

median,  441 

paramedian,  443 

transverse,  446 
Laparotomy,    transpleural, 

430 
Laryngectomy,  358 
Laryngotomy,  355 
Larynx,  intubation,  292,  347 

removal,  partial,  357 

removal,  total,  368 
Latschen-oil,  29 
Lembert  suture,  493 
Ligations  of  bloodvessels  in 

general,  90 
Ligations  of    arteries    in 
particular : 

anterior  tibial,  132 

aorta,  100 

axillary,  115 

brachial,  117 

common  carotid,  102 

common  iliac,  120 

cubital,  118 

dorsal  is  pedis,  138 

external  carotid,  105 

external  iliac,  122 

femoral,  126 

hepatic,  627 

hypogastric,  711 

inferior  thyroid,  106 

innominate,  101 

intercostal,  112 

internal  mammary,  112 

lingual,  106 

middle  meningeal,  245 

popliteal,  128 

posterior  tibial,  135 

radial,  119 

subclavian,  110,  111 

superior  thyroid,  106 

ulnar,  119 

vertebral.  106 
Ligations  of  veins,  external 
iliac,  124 

internal  jugular,  105 
Lisfranc's  tarso-metatarsal 

exarticulation,  162 
Li8t<m*8  bone-cutting  for- 
ceps. 77 
Litholapaxy,  659 
Lithotripsy,  659 
Liver,  abscesses,  613 

cirrhosis,  615 

cysts,  614 

echinococcus,  614 


724 


INDEX 


Liver,  resection,  612 

sursrery,  608 

suture,  610 

wounds,  610 
Local  anesthesia.    See  An- 
esthesia 
Luer^s  ronsreur,  77 
Lumbar    anesthesia.      See 

Anesthesia 
Lunsrs,  abscesses,  419 

actinomycosis,  424 

amputation,  422 

decortication,  410 

echinococcus,  424 

emphysema,  386 

foreifim  bodies,  425 

freeing:  (pneumolysis), 
387 

firan^rrene,  420 

injuries,  414 

resection,  421 

suture,  418 

tuberculosis,  387,  423 

tumors,  424 

wounds,  414 

Madelung*8  operation,  230 

Marble  soap,  4 

Masks    for    sreneral    anes- 
t  h  e  s  i  a ,  Schimmel- 
bu8ch*8,  29 
Juillard'8,  30 

Mastoid  process,  trephining 
of,  273 

Maxilla,  resection,  298 
resection,  bilateral,  303 
resection,     temporary, 

303 
temporary  disjoining:  of 
both,  304 

Maxillary  sinus.  See  An- 
trum His:hmori 

Mediastinum,  surs:ery  o  f 
the  posterior,  426 

Meloplasty,  320 

Mesentery,  lisration  of,  546 

Metatarsus,  amputation 
throufirh,  159 

MicheVs  a^rrafes  (or  clips) 
for  the  suture  of  the 
skin,  59 

Middle  ear  suppurations, 274 

Middle  fingrer,  exarticula- 
tion  of,  145 

Mikulicz*       peritoneal 
clamps,  441 
rib-spreader,  416 
technic  in  rectal    pro- 
lapse, 602 
technic  in  resection  of 
the    lar^re   intestine, 
561 

Mixter  tubes,  541 

Momhurg*  8  constriction 
anemia,  90 

Morphin,  in  s:eneral  anes- 
thesia, 29 
in  scopolamin  sleep,  47 

Mouth-s:ags,  31 


Murphy  button,  552 
Muscles,     incisions.      See 
Laparotomy  incisions 
suture,  71 

transplantation,       228, 
239 

Nailing  of  bones,  83 
Narcosis.    See  Anesthesia, 

g:eneral 
Narcotics.    See  Anesthesia, 

sreneral 
Navel.    See  also  Umbilical 
hemise  and  Hemise  of 
the  umbilical  cord 
excision,  459 
Needles,  Felizet*8,  54 
Hagedom*8,  54 
intestinal,  491 
Mooij*8,  54 
Needle-holder,  Hagedom*8, 
54 
Ro8er*8,  54 
Nelaton  catheters,  636 
Nephrectomy,  677 
after-care,  678 
lumbar,  677 
transperitoneal,  678 
Nephrolithiasis,  67 
Nephrolithotomy.  680 
Nephropexy,      nephrorrha- 

phy.  687 
Nephrotomy,      indications, 
668 
technique,  674 
Nerve    forceps    for    nerve 

extraction,  271 
Nerves  (in  general),  anes- 
thesia of  big  trunks, 
19 
care  in  amputations  and 

exarticulations.  140 
extraction    by    torsion 

(exeresis),  270 
freeing  (neurolysis),  71 
plastic  operations,  71 
suture,  71 
tubulization,  72 
Nerves  (in  particular),  in- 
fraorbital. 281 
frontal,  280 
inferior  alveolar,  283 
inferior  laryngeal,  342, 

360 
lingual,  283 
mandibular.  282 
median.  115,  117 
musculo-spiral.  215 
occipital     (greater), 

369 
occipital  (lesser).  369 
pneumogastric.  102 
sciatic.  227 
superior  laryngeal,  338, 

356 
supraorbital,  280 
sympathetic.  369 
trigeminus.  279 
ulnar,  116 


Neurectomy     and    neurot- 
omy, 279 
Neurolysis,  85 
Neuromata,      amputation, 

140 
Nitrogen,  injections  of,  388 
Nose,  anesthesia,  292 

operation  for  deviation 

of  the  septum,  293 
operations,  288 
plastic  operations,  288 
upturning,  293 
Novocain,  17 

Nucleinic    acid,    injections 
of,  487 

OhersVs  method  of  conduc- 
tion anesthesia,  19 
Occipital  neuralgia.  9^69 
0'Dwyer*8    intubation    in- 
struments, 347 
mouth-gag,  31 
(Esophago  -  duodenostomy, 

536 
(Esophagotomy,  341 
(Esophagus,  diverticula,  428 

suture,  342 
Og8ton*8  operation  in  club- 
foot, 239 
in  flat  foot,  241 
Olecranon,  suture  of,  217 
Operating  gloves,  6 
Operating-room,  manner  of 

preparing,  3 
Orbit,  exposure  of  (Kron- 

lein),  287 
Osteoplastic    amputations. 
See  Amputations  of 
the   leg  and  of    the 
foot 
Osteotomy,  cuneiform,  225 
general  principles,  75 
subtrochanteric,  222 
supracondylar,  225 
Oxygen  in  narcosis,  45 

Packing    in    hemorrha^reSt 

86 
Pancreas,  anatomy,  628 
calculi,  630 
cysts,  630 
fistulse,  630 
inflammations,  629 
injuries,  629 
surgery,  628 
tumors,  630 
Paralyses,      poliomyelitic* 
235 
post-anesthetic,  34 
Paraphimosis,  700 
Patella.    See  Kneecap 
Payr*8  method  of  vascular 

suture,  96 
Pelvis  of  the  kidney,  680 
Penis,  amputation,  701 

mal  formations.  See 
Epispadias,  Frenum, 
Hypospadias,  Phimo- 
sis 
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Pericardiotomy,  392 
Pericardium,  effusions,  390 
injuries.     See  Wounds 

of  the  Heart 
tapping:,  391 
Peritoneum,   algretic  sensi- 
bility, 489 
defensive  power,  487 
toilette,  490 
Peritonitis,  post-operative, 

451 
Petit*8    circular    incisions. 
See  Circular  incisions 
Pharyngreal  tonsil.    See  Ad- 
enoids 
Pharyngfotomy,  lateral,  339 
mediolateral,  340 
subhyoid,  337 
suprahyoid,  340 
Pharynx,  operations  on,  337 
Phelps*  operation  in  club- 
foot, 240 
Phimosis,  698 

Phlegmons  of  the  tendinous 
sheaths  of  the  hand, 
221 
Pirogoffs  osteoplastic  am- 
putation of  the  foot, 
166 
Plastic    operation,    bones, 
80 
cheek,  320 
lower  lip,  313 
nerves,  71 
nose,  2^ 
renal  pelvis,  684 
skin,  63 
skull,  279 
spina  ventosa,  219 
tendons,  70,  234 
ureters,  682 
Pleura,  injuries,  414 
surgery,  402 
tapping,  402 
Pneumatic  chamber.    See 
Brauer,    Differential 
pressure 
Pneumothorax,      artificial, 
411 
operative,  411 
tension,  411 
Precentral  fissure,  246 
Prolapse  of  the   anus  and 

rectum,  601 
Prostate,  abscesses,  708 

hypertrophy,  709 
Prostatectomy,  indications, 
717 
perineal,  711 
perineal    (lateral    inci- 
sion, Wilms),  712 
suprapubic,  713 
Pupillary  reflex,  35 
Purse-string  suture,  495 
Pyelolithotomy,  680 
Pyelonephrolithotomy,  680 
Pyeloplasty.  684 
Pyeloplication.  685 
Pylorectomy,  523 


Pyloroplasty,  509 
IVlorus,  resection  of,  523 
Pyonephrosis,  686 

Quadriceps,  transplantation 
of.  228 

Radical  operation  for  mid- 
dle-ear suppurations, 
275 
Radius,  exposure  of,  218 
Ranula,  extirpation  of,  332 
Raspatories,  73 
Recto-coccygopexy,  606 
Rectum,  amputation,  579 

anatomy,  577 

atresia,  598 

fistula,  596 

pediculated  tumors 
(polyps),  598 

prolapse,  601 

resection,  585 

strictures.  600 
Resection,    definition    and 
generalities,  137 

ankle,  199 

elbow,  189 

cecum  and  colon,  557 

epididymis,  706 

fingers,  185 

foot  (osteoplastic),  203 

hip,  209 

intestines,  546 

kidney.  674,  677,  685 

knee,  205 

lower  jaw,  322 

lung,  421 

pylorus,  523 

scapula,  197 

shoulder,  193 

stomach,  522 

ribs,  380,  404 

upper  jaw,  298 

urethra.  651 

vas  deferens,  711 

wrist,  186 
Respiration.     See  Artificial 
Retrobulbar  tumors.    See 

Orbit 
Retroflexion  of  the  uterus. 
See  Alexander-Adams 
Retrouterine  abscesses,  573 
Rhinoplasty,  288 
Rhomb,  Ha/:kenbruch*8,  21 
Ribs,  exposure,  380 

mobilization  of  first, 
382 

position  relatively  to 
intercostal  arteries, 
112 

resection,  380,  404 
Rolando,  fissure,  245 
Roser-Koenig's  mouth-gag, 

31 
Rose* 8  hanging-head  posi- 
tion, 291 
Roth'Dra£ger*s   apparatus, 
45 


Sacrum,  resection  of,  583 
Sagittal  suture,  243 
Salivary  fistulse,  321 
Saphenous    vein,     ligation 

and  resection,  229 
Sarier*s  oblique  plane,  327 
Sauerbruch's      differential 
pressure       chamber, 
411 
Saws,  78 
Scapula,  extirpation,  197 

resection,  197 
Schleich*8  infiltration  anes- 
thesia, 18 
Scopolamin,  47 
SidilloVs  transfixion  meth- 
od, 181,  182 
Seminal  vesicles,    removal 

of,  718 
Shoulder-joint,      drainage, 
214 
exarticulation,  152 
resection,  193 
tapping,  214 
Silk,  sterilization  of,  10 
Silkwormgut,  13 
Sinus,  incision  of,  51 

ligation  of  cerebral,  263 
Skin,  division,  49 

plastic  operations,  63 
suture,  54 
transplantation 

(Krause),  62 
transplantation    {Man^ 

gold),  62 
transplantation 
(Thiersch),  60 
Skull,  anatomy,  243 
defects,  275 
fractures,  253.   See  also 
Trephining 
Sounds,  Braxitz,  255 

urethral,  649 
Spina  ventosa,  219 
Spiral  spring  cannula,  350 
Spleen,  surgery  of,  681 
Splenectomy,  632 
Spoon,  goitre,  369 
gallstone.  623 
stone  (bladder),  656 
Spur-crusher,  565 
Sterilization,  9 
Sternum,  operations  on,  388 
Stomach,  anatomy,  495 
injuries,  490 
resection,  522 
ulcer,     500.    See    also 
Gastropexy,  Gastrot- 
o  m  y  ,    Gastrostomy, 
Gas  tro  -  enter  ostomy. 
Gastrectomy,  Pyloro- 
plasty 
Stovain,  16 
Stricture,  anus,  600 
larynx,  348 
pylorus,  523 
rectum,  600 
ureter,  682,  684 
urethra,  649 
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Sublamin,  4 
Sublimate,  4 
Snblinguel  tumors,  332 
Sulcus  centralis  {Rolando), 

245 
Sulcus  of  the  middle  menin- 

sreal  artery,  244 
Suprarenal  bodies,  surerery 

of,  694 
Suprarenin,  17 
Suture,  bone,  82 

bloodvessels,  96 

fasciae,  70 

liver,  610 

lunsr,  418 

nerves,  71 

skin,  54 

tendons,  68 
Suture,  continuous,  55 

interrupted,  55 

mattress,  57 

relaxation,  55 
Suture,   intestinal,  Albert, 
493 

Czemy,  493 

Lembert,  493 

Mikulicz      (mesenteric 
ansrle),  549 

purse-strins:,  495 
Syme*8    exarticulation    o  f 

the  foot,  168 
Syndactylia,  220 

Talma* 8  operation,  615 
Tampon   cannula,    Hahn'a, 

291 
Trendelenburg's,  291 
TappinfiT,  abdomen,  576 
ankle,  234 
bladder,  648 
brain,  248 
echinococcic  cysts,  424, 

614 
elbow,  217 
exploratory,  575 
hip,  222 
hydrocele,  702 
intestines,  540 
knee,  227 
pericardium,  391 
pleura,  402 
shoulder,  214 
wrist,  219 
Taxis  in  strangulated  her- 
nias, 479 
in  paraphimosis,  700 
Tendinous   sheaths,   phles:- 

mons  of,  221 
Tendons,  division,  66 
lengthening,  234 
plastic  operations,  68 
shortening,  239 
suture,  68 
transplantation,  leg  and 

foot,  239 
Tenotomy,  Achilles' tendon, 

67,  234 
stemo  -  cleido  -  mastoid 

muscle,  371 


Tetany      parathyreopriva, 

363 
Thiersch's  grafts,  60 
Thoracotomy,  382 
Thoracoplasty,  409 
Thorax,   exposure  of  the 
postero-superior  part, 
380 
Tibia,  exposure  of,  234 
Toes,  anesthesia  in  opera- 
tions, 158 
exarticulation,  159 
Tongue,    excision,   partial, 
328 
extirpation,  328 
operations,  328 
Tonsillotome,  333 
Tonsillotomy,  334 
Tonsils,  abscesses,  333 
compressors,  333 
excision,  333 
hypertrophy,  333 
tumors,  335 
Torsion  of  bloodvessels,  100 
Torticollis,  spastic,  373 
Trachea,  operations  on,  347 
Tracheotomy,  348 
high,  351 
low,  354 
middle,  354 
Transplantations   of    mus- 
c  1  e  s    and   tendons, 
foot.  239 
quadriceps,  228 
skin,  60 
ureter,  698 
veins,  698 
Trendelenburg's  tampon 
cannula,  291 
operation  for  embolism 
of  the  pulmonary  ar- 
tery, 400 
plastic  operation  on  the 
renal  pelvis  and  ure- 
ter, 683 
resection  of  varices,  229 
Trephine,  250 

Trephining    by   means  of: 
chisel,  252 
Dahlgren's  rongeur, 

256 
Doyen's  f  raises,  251 
Gigli's  saw,  253 
perforators,  251 
trephine,  250 
Trephining,  decompression, 
264 
for    brain      abscesses, 

265 
for  exposure     of     the 
Gasserian     ganglion, 
268 
for   exposure   of   the 

cerebellum,  266 
osteoplastic,  258 
Trephining  of   the   frontal 

sinus,  296 
Trephining  of  the  maxillary 
sinus,  295 


Trigeminus,  operations  on, 
279.  See  Nerves, 
Alveolar,  Lingual, 
Mandibular,  Maxil- 
lary and  Gasserian 
ganglion 

Tropacocain,  25 

Ulcer  of  the  stomach,  500 
Ulna,  exposure  of,  218 
Upturning  of  the  costal 
arch,  535 

of  the  nose,  293 
Uranoplasty,  309 
Ureter,  anatomy,  690 

exposure,  693 

implantation,  692 

suture,  691 

transplantation   in  hy- 
pospadias, 698 
Uretero  -  cysto  -  neostomy, 

692 
Ureteroplasty,  682 
Urethra,  anatomy,  633 

catheterization,  634 

dilatation,  649 

fistulae,  652 

foreign  bodies,  643 

injuries,  645 

resection,  651 
'  strictures,  649 

suture,  647 
Urethroplasty,  651 
Urethrostomy,       perineal, 

651,  702 
Urethrotomy,  external,  645 

internal,  649 

Varices  of  the  leg,  229 
Varicocele,  705 
Vas  deferens,  extraction  in 
castration,  706 
resection  of,  711 
Veins,  lateral  ligation,  95 
suture,  96.    See  also  Li- 
gation of  veins,  Saph- 
enous, Aspiration 
transplantation    in  hy- 
pospadias, 698 
Ventricles  of  the  brain,  248 
Vertical  lines  in  craniome- 
try, 245 
Vienna  wire,  13 
Vomiting,  after  anesthesia, 
44 
after  laparotomy,  449 
in  arteriomesenteric  oc- 
clusion, 44 
in  circulus  vitiosus,  519 
in  post-operative  peri- 
tonitis, 451 

Wire  as  suture  material,  13 
Wire-saw.    See  Giali 
WladimiroW'Mikulicz,  oste- 

oplastic  resection  of 

the  foot,  203 
Wry-neck,     treatment    of, 

371 
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